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SUMMARY PAGE

THE PROBLEM

Airsickness in Naval Flight Officer (nonpilot) training squadrons
can be considered to be a significant biomedical risk having both direct
and indirect influence on the cost of training aircrew personnel. During
flight, airsickness can degrade student performance and sometimes neces-
sitate repeat hops to achieve training objectives. Additional dollar
costs also result when students attrite because of airsickness, with
these costs rising rapidly when the attritions occur late in the training
program or even later in fleet assignments. Currently, there are few
operational data available to describe either the actual incidence or
resulting costs of the airsickness risk in these squadrons, and hence,
there is insufficient information available for flight surgeons and
medical boards to make decisions concerning disposition of airsick
individuals. In addition, validated biomedical tests of motion sickness

susceptibility to screen and select aircrew candidates best suited for
fleet assignments involving different degrees of motion stress are not
yet available.

FINDINGS

A longitudinal study has been initiated of airsickness problems in
the basic, advanced, and type-specific fleet readiness (RAG) squadrons
comprising the complete Naval Flight Officer (NFO) Training Program.
Flight performance data, based upon both instructor and student judgments
of airsickness severity, are being collected in these squadrons on an
individual-student basis. In addition, a large segment of the study
population has been exposed to several prototype laboratory tests of
motion sensiti'.ity which will be related to the subsequent flight data.
In addition to identifying the incidence and severity of airsickness in
the individual squadrons, these flight data will have the potential to
serve as operations-based validation criteria for establishing the
relative merit of the different components of the laboratory test battery.

This report describes the airsickness experiences r.f 134 NFO students
being trained in Advanced Squadron VT86-AJN to perform vario•is weapon
operation and navigation duties. Flight data, based upon 1,833 hops
flown by these students, are presented which show that approximately
55 percent of the total population reported being airsick on one or more
hops, 28 percent reported vomiting on one or more hops, and 30 percent
considered their inflight performance to have been degraded by airsick-
ness on one or more hops. Of the total number of hops flown by the
studeants, airsickness, vomiting, and inflight pr formance degradation
occurred on approximately 8.6, 3.7, and 3.4 percL_.t, respectively, of
the total flights. Comparative analyses of the airsickness data collected
in this squad-on with similar data collected from the same population
during basic training indicate that the magnitude of the airsickness
problem was significantly less in Squadron VT86-AJN (secordary lcrel
of training) as compared with Squadron VT10 (primary level si training).
As with the first report of the series, data are also presented which
relate the flight performance of this specific sulpopulatfon of the
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longitudinal study to their performance on the laboratory tests of
motion reactivity.
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INTRODUCTION

This is the second of a series of research reports dealing with a
longitudinal study of airsickness in Naval Flight Officer (NFO) students
being trained for a variety of nonaviator flight awignments in fleet
squadrons. The study, described in detail In the first report (3) of
the series, was designed to investigate the incieence and severity of
airsickness experienced by a sample of the NFO population on an individual-
student basis as they progress through the basic, advanced, and fleet
readiness (commonly referred to as RAG) squadrons comprising the NFO
training syllabus. The study also relates the airsickness data col-

lected in the flight environment to the performance of the students on a
series of motion reactivity tests which were presented to a large segment

of the study population prior to their beginning flight training. The
long-term objective here is to utilize the inflight airsickness data as
validation criteria to measure the relative effectiveness of the motion
reactivity tests in identifying, on an a priori basis, both those students
who are highly susceptible to airsickness and those students who ra-ely
experience the problem. The inflight airsickness data thus serve this
test validation function as well as defining the magnitude of the airsick-
ness problem within each training squadron.

This report deals with the airsickness reported by NFO students

during training in Advanced Squadron VT86-AJN. These students constituted
one of four student groups whose airsickness in basic training (Squadron
VTl0) was previously reported (3). The layout and format of the statistical
tables and figures presented in this report have been selected to closely
duplicate the tables and figures of the first report to facilitate reader
compar'.son of the results associated with each squadron.

PROCEDURE

Figure 1 is a block diagram of the different training pipelines
followed by NFO students before assignment to the operational flight
squadrons. This report deals with the airsickness problem Tn advanced
Squadron VT86-AJN where NFO students are trained in T39-D and TA-4J aircraft
for a variety of nonpilot duties in attack aircraft such as the A6 and
EA6 and antisubmarina warfare aircraft such as the S3. At the time the
study was initiated, the Squadron VT86-AJN flight syllabus was composed
of 14 individual hops, the abbreviated names of which are shown inside
the related block within Figure 1. All of the data presented in this
report pertain to this specific syllabus, the details of which are
outlined in Appendix A. (Midway in the study, the Squadron VT86-AJN
flight syllabus was changed and expand&I to a total of 18 h-ps. The
airsickness study of this new syllabus will be presented in a subsequent
report.)

To document the incidence and severity of tirsickness experienced
by a student during training, the two-sided quest onnaire developed for
the initial study (3) was again used. One questionnaire was completed
for each hop flown, with separate sections provided for student and
instructor evaluaticns of the student's airsickness reactions. In
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SQUADRON VTIO
PRE - 1978 SYLLABUS NFO BASIC TRAINING

S.... IN-134

ADVANCED ADVANCED ADVANCED ADVANCED
TRAINING TRAINING TRAINING TRAINING
MAFB VT86- AJN VT86- RIO ATDS

FOURTEEN
HOPS

LLI - LI 4i
RNI - RN4
RAI -RA3

AN

N-f18
vN-116

AIRCRAFT AIRCRAFT AIRCRAFT AIRCRAFT
P3 S3 F14 E2

A6 F4
EA6

FLEET READINESS SQUADRONS (RAG)

FLEET SQUADRONS

NAVAL FLIT OFFICER TRAINING PIPELINES

Figure 1

KBck liagram showing training pipelines followed by Naval Flight Officer students beginning
wLth asic training and progressing through various advanced and fleet readiness (RAG) squad-
rons before receiving fleet assignments. This report deals with airsickness incidence in
Advanced Training Squadron VT86-AJN.

2



-~~~ - M. ~ ,.-

Figure 2 the student element of the questionnaire is shown at the top,
and the instructor element at the bottom. To minimize problems with
confidentiality of questionnaire data, the student and instructor sections
were printed on opposite sides of the form. By use of a fold line and
adhesive tab, the student sealed his responses from view before the instruc-
tor completed his side of the form.

The details of the questionnaire have been described in the first
report (3) of thE series. For the student questionnaire, the key elements
were four forced-choice ratings of airsickness experienced during the
flight, number of times vomiting occurred, flight performance degradation
as a result of airsicknEss, and any nervousness experienced before or
during the flight. A fifth item requested a yes or no answer concerning
the use of airsickness medication on the hop. The instructor also pro-
vided ratings of the same four airsickness, vomiting, performance degrada-
tion, and nervousness parameters rated by the student. In addition, the
instructors were asked to similarly rate the roughness of flight; i.e.,
atmospheric turbulence or pilot technique, encountered on the hop.

The motion reactivity test data presented for the VT86-AJN student
population in this report were collected prior to the time the students
began their NFO flight training in Basic Squadron VTI0. Brief descriptions
of these tests are provided in Appendix B, with related references that
provide more detailed information on test techniques and procedures.
The general methods used in the computer storage of thiese motion reactivity
test data and the related flight airsickness data are outlined in the
first report (3) of the series.

RESULTS AND DISCUSSION

A total of 1,833 validated airsickness questionnaires involving 134
VT86-AJN students were collected during this phase of the longitudinal
study. As indicated in Figure 1, of the total of 134 students for which
flight data were available, 116 (86.6 percent) were graduated from
Squadron VT86-AJN and assigned to various fleet readiness squadrons for
further training; 18 (13.4 percent) attrited from the squadron before
completing training. For the purposes of this study, the attrition
total is limited to only those students who attrited after beginning
inflight training as marked by the return of one or more completed
airsickness questionnaires. Of the total number of attrites, three
students dropped out of the program at their own request, one died in an
aircraft accident, and the remaining were dismissed from the training
program as a result of inadequate academic or flight performance.

The study results are reported and discussed under seven different
subheadings. In the first section the data derived from the student and
inotructor questionnaires are used to define the incidence and severity
of airsickness on each of the 14 hops comprising the Squadron VT86-AJN
syllabus. In the second section the questionnaire data are discussed in
relation to the contribution of students experiencing repeated airsickness
to the over-all airsickness incidence figures. In the third section
unweighted and weighted airsickness indices are developed on an individual-
student basis to quantitatively define the airsickness e•zperiences of

3



STUDENT FORM NAMI NAMRL AIRSICKNESS RESEARCH PROJECT STUDENT FORM

kL _1I.I I9 I ~t I _fI - 1-1 2-5

Student SsN Lsqu; n o Hop No. Julian Data I/O Thnts (WAi)

PLEASE ESTIMATE THE FOLLOWING BY MARKING THE APPROPRIATE ANSWER: REPLY TO EACH OQUESTION,

AIRSICKNESS NONE MILD MODERATE SEVERE 26
(Feeling motion sick whether you vomiteacornot)~

VOMITING NONE ONCE TWICE MOREE TIME 27

PERFORMANCE DEGRACATION ~ito NONE OR N/A MILD MODERATE SEVERE 26

NERVOUSNESS(Experiancadt lb/Win NONE MILD MODRT SEVERE 29
this fiklight) 1_________ ________ 1

Did you take any medication (a'r airsickness No YES 20

L:fr hsflight?~_
T-39 FLIGHTS SHOULD ALSO COMPLETE THE FOLLOWING

List hops In order flown for this flightI 1-

Check the box under YOUR hnp. ______

If airsick, when did Itotccur relative to YOUR NOARSC ERE DIGATR

ha.? (Mark more thart on. box if Upalln at) 4a, 49 so

FOLD ALONG THIS LINE

INSTRUCTOR FORM NAMAI /NANRL AIRSICKNESS RESEARCH IRROJ ECT INSTRUCTO FOR
NAME OF STUDENT
(last nern.first. initials)

PLEASE ESTIMATE THE FOLLOWING By MARKING THE APPROPRIATE ANSWER: REPLY TO RACH QUESTION

AIRSICKNESS -69 NONE MILD MODERATE ISEVERE 53
(Student appeared motion sick whether he vomited or not)_________

THREE OR 54
VOMITING NONE ONCE rWICE MORE TIMES

PERFORMANCE DEGRADATION NONE OR N/A MILD MODERATE SEVERE so

APARNTNEVOSNSSNONE MILD MODERATE SEVERE
(Blefore and/or during the flijit) I____ ______ _______

ROGNESFFLGTNONE MILD MODERATE SEVERE 57
(Turbulence or pilot techique~a)
If this hop Incomplete, was airsick-ness a factor' YES YES YES

NONE OR N/A This Student Another Student Instructor
(Nark galore than one box If jppropriate) _ -- so Airsick s9 Airsick G0 Airsickg ga 1

Please reord fight Wades T U BA AA

example 3for 3

INSTRUCTOR COMMENTS
70

OOONOTE TO INSTRUCTOR: Rescarch has shown that some people carn feel very sick without vomiting. As a remird'r, some of
the signs of airs Ickressarwe pallor, sweating, heavy breathing, facial expressions. excessive swallowing. drowsiness. and ver-
bal complaints. However. USE YOUR OWN JUDGEMENT.

Figure 2

Student (top) aivd instructor (bottom) airsickness questionnaire utilized to collect the flight
data. For the actual questionnaire, the student form was printed on one side of the sheet and
the instructor form on the opposite side with a self-adhesive tab provided to -illow the stu-
dent to seal Lhe folded questionnaire before the instructor entered his ratingeb.
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the squadron population as a whole. This section also includes statis-
tics describing the performance of the students on the laboratory motion
reactivity tests which were administered to a large segment of the group
before they began NFO training. The fourth section provides a brief
comparison of the airsickness indices and laboratory test scores of the
students who were graduated from the squadron with the students who

attrit,?d from the squadron prior to graduation. The fifth section
utilizes the flight indices to both define and compare the performance
of nonsusceptible student groups with the most susceptible student groups
within the over-all population. The sixth section presents a rank corre-
lation matrix analysis of the relationships found to exist between and
across the different flight indices and laboratory test s,ýores. The last
section compares the VT86-AJN advanced squadron flight indices of airsick-
ness with the VT1O basic squadron indices of the same students.

AIRSICKNESS INCIDENCE AND SEVERITY: INDIVIDUAL-HOP BASIS

The airsickness and related response measurep ierlved from the
questionnaires are tabulated in Table I for each of the 14 hops com-
prising the VT86-AJN flight syllabus. The table contains separate
listings for the student and instructor ratings of the incidence and
relative magnitude of the four principal response measures of the study;
i.e., airsickness, vomiting, inflight performance degradation caused by
airsickness, and nervousness. For each of these measures, four per-
centage values corresponding to classifications present, mild, moderate,
severe are presented for each of the 14 hops. Each datum below a given
hop name (see Appendix A for a brief description of each hop) represents
the percentage of the total number of hops flown of the given type where
the denoted rpsponse occurred. The first datum presented for a given
response, e.g., "Airsickness-Present," is the percentage of the hops
whcre airsickness was present without qualification as to the magnitude
(mli•, moderate, or severe) of the response. The three following values
describe the percent incidence of mild, moderate, and severe ratings,
respectively, for the denoted questionnaire item. In the case of thE
vomit measure, the breakdown is based upon the number of times the
response occurred on a given flight. The student questionnaire tabula-
tion also contains a line item describing the percent incidence of
flights where the students reported that airsickness medication was
used. In the instructor tabulation, separate listings ar0 provided for
flight turbulence and a breakdown of the grades issued on a given hop.
The data presented in the "Total" column at the extreme right in the
table represent the percentage of the total number of hops flown (1,833)
where the denoted responses were present.

As indicated in the "Total" column of Table I, the students reported
that airsickness (m±ld, moderate, or severe) was present on 8.6 percent
of the hops flown during advanced training in this squadron; their
instructors estimated the incidence to be only 4.3 percent. These
figures indicate that the airsickness problem in this specific advanced
training squadron was of smaller magnitude than that observed during basic
training in Squadron VT10 where the students and instructors reported (3)
that airsickness was present on 16.2 and 10.2 percent, respectively, of
the total hops flown. In the casa of the vomit measure, the VT86-AJN

5
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Table I

Percent incidence of airsickness and related flight questionnaire responses on the fourteen hops comprising the pre-1978
flight syllabus of Advanced Training Squadron VTB6-AJN. The student and instruc~or questionnaire data are aiste] separ-
ately with each datum shown below a given hop repregenting the percentage of the total hops flown of the given type wLere
the denoted response occurred. The total column at the right represents the percent incidence of a given response based
upon all 1,833 hops flown by the 134 NFO students comprising this specific study population.

FLIGHt QUESTIONNAIRE INDIVIDUAL HOP; COMPRISiNG SQUADRON FLIGHT SYLLABUS
RESP(INSES LL I L L2 LL3 LL4 RNtI RN2 01 RN3 1421 74H4 02 PAI OAZ P'3 TOTAL

POPS FLOWIN-PERCENT OF TOTAL 6.9 ? 9 8. 9.5 7. 6 6 6 62 6. 9 6 4 ? 8 5 6 & ? 7 4 6 13 101.
S-AIRSICKNE.,S-PRESE24T 29.5 13 . 7 4 6 3 3 1 7 33 3 2 4 2.5 5 3 26.2 16 2.9 3.2 S6 6
S-AIRSICKNESS-MILD 14.2 112. 4.6 5.7 2 3 1 7 23 4 1.6 2.5 2.1 17.5 1 6 2,2 3 2 6 3
S-AIRSICKNESS.-MODERATE 4.7 2.1 3.4 .6 .8 .6 9 . 9 .9 1.4 B 7 6 9 .9 2.1
S-AIR31CKNESS-SEVERE 1.6 . . . . 8 9 .8 . . .0 .9 .7 a .2
9-VOMITING-PRESENT 7.2 3.4 2 7 1 . 62 is9 2.6 .8 1.4 16.5 1.6 9 3?
S-VOMITING-I TIME 3.5 2. 12 3 7 ? .8 9.9 a . 12 4 26.7 ? 0 1 2.3
S-VOMITING-2 TIMES 2.6 .7 .? .8 . 8 8.2 . 8 .8 3 9 6 a 8 1 .8
9 -YOMITING-3 OR MRlE TIMES g 9 ? .9 6, e 9 9 .6 .9 1. 9 0 a 9 +3

S-PERF DEGRADATION-PRESENT 8.7 1IA 2.? .6 .8 .0 15.3 2.4 .8 2.8 9.? .8 2.9 2.6 3 4
S-PERF.DEZ.ýADATIOH-MILD 1.2 . 2. F . 8 12.6 2. 4 1. 4 7 .9 2.9 2 6 2 7

S-rERFDE.RADATIOH-MOIDERATE IL6 1.4 .a 0 8 9 1 9 .9 9 1.4 1.9 .6 .6 . ý 6
-PERf DEGRADATIOH-SEVERE .8 .9 .S .9 .9 .8 .9 9 .9 .9 .0 .6 .9 .9 .1

5-INERULISNESS-PRESENT 35,1 49.7 36.9 44.9 27 5 29 8 44.2 21.3 25 4 23.8 25.2 19.5 35.3 28.2 33 8
S-NERVOUSNESS-MILD 44.9 45.5 36.9 33.7 26 6 28 1 33 3 20 5 2122 19 6 23.3 12.2 28.7 22 6 28 3
S.-NERVOLISNESS-MODERATE 16.2 4. 5.4 9 7 1 5 1 ? 9.9 .8 3.4 3 5 1.9 5.7 6 ; 4 9 5 t
S-HERYOUSHESS-SFYERE .9 .9 .7 E .9 9 .9 .9 . . 7 .9 2.6 .6 9 .4
S-MEDICATION USED ON HOP .6 .6 1.3 .2 2.5 .0 5 4 9 .8 1.4 680 .6 .0 .8 1.2
I-AIRS!CKNESS-PRESENT 10.2 2.9 1.3 1.1 .8 1.7 26 7 .8 1.? 2 1 21.4 1.6 2.5 .g 4.3
I-AIRSICKNESS-MILD ?.1 1.4 1 3 6 . .0 £.7 6. 1.? 1.4 15.5 .8 1.5 .8 2 8
I-AIRSICKNESS-MODERATE 2 4 .? .6 .6 .6 .8 9 9 .9 .6 .7 5.8 .8 .0 . 1.4
I-AIRSICKNESS-SEVERE .8 .7 .9 . 9 . a .8 .8 .9 a . .9 . 1
I-VOMITING-PRESENT 5.0 2 2.3 2.2 16.2 .9 .6 1.4 14.6 2.6 . 6 2.9

I-VOMITING-I TIME 3.9 1.4 97 1.2 8 9 9 9 .8 .8 8 to.? 2.6 . 9 2 '
1-VONITING-4 TIMES 1.6 .7 7 8 0 8 4 5 .8 .6 ? 1.9 . 8 . 7
I-VOMITING-3 OR MORE TIMES .9 a .9 9 9 9 1.9 .0 .9 .7 1.9 9 .9 6 .3
I-PERF DEGRADATION-PRESENT 3.9 2 1 ? .6 9 1 7 9.9 8 . .4 11.7 8 1.5 8 2 2
I-PERF DEGP.ADATION-MILD 1.6 .7 7 6 1.? 1 8 .8 . 9 9.7 8 1.5 9 2.6
I-PERF DEGRADATION-I;ODERATE 2.4 1 4 9 8 8 9 1.9 . 9 .? 1.9 .6 6 .5
I-PERf.DEGRADATION-SEVERE .9 .9 9 -9 . .9 .9 .9 .9 .9 .7 a9 .1 .4 .a .I
I-NERVOUSNESS-PRESENT 36.2 33.8 26.2 26.9 21.4 18 2 i2.7 13.4 23.7 19.9 9.7 19.5 27.2 21.0 22.5
I-NERVOUSt4ESS-MILD •9.1 25.5 20.2 18.9 19 1 14.9 9.9 28.7 P0.3 17.5 B.? 13.8 22.0 27.? I2.8
I-NERVOUSNESS-MODERATE 5.5 7.6 5.4 6.9 2.' 3.3 1.8 2.4 2.5 1 4 I , 3 3 3.? 3 2 3.8
I-NERVOUSNESS-'5EVERE 1.6 .7 .? 1.2 .9 9 .9 .8 .8 .6 9 2 4 ? 8 7
I-TUPOULENCE-PRESENT 48,6 40 7 38. 9 36 6 19.2 19.9 8. 6 22 8 18 6 21.9 19.4 44.7 35.3 12 9 28 9
2-TURBULENCE-MILD 34.6 26.9 28 9 36 3 16.9 26 ! 22 6 16 5 i2.9 13 3 12 6 33 3 25 ? 22 3 21,3
I-TUROULENCE-MODERsITE 14.2 23.8 8 1 6.3 3.1 2.5 5.4 6.3 6.8 ?.7 5 8 8.9 9.b 1.6 7.3
I-TUROULENCE-SEVERE .6 .8 2 9 .0 .8 9 .8 .8 .0 .8 .8 2.4 .9e .3
I-FLT GRADES-ISStED ON HOP 94,5 93 I 94.6 91 4 91 6 96 7 99 t 95 3 94.9 1,9 95 1 91.9 91.9 97.6 94.8
I- FLT GRADES-UNSATISFACTORY .6 .8 ..6 ? .2 .2 ,7 .8 9 1.7 .4 1.3 2.1 2.2 2.2
2-FLT GRADES-BELOW AVERAGE 3.8 9.8 9.8 21.5 3.1 6.6 7.3 6.5 ? 8.3 5 3 7.9 12.4 7 4 7 ?

I-FLT GRADES-AVERAGE 88.6 8 86 7;6.9 73.6 15.1 79,2 96 5 77 1 78,i 75,7 95.6 73.9 71.1 ? 9 ?78.
I-FLT. GRADES-ABOVE AVERAGE 8.2 9.5 1i.? 13 2 1,26 14.6 5.5 15.4 23.2 14,3 8.7 16 0 15.4 26 6 12 9

S - STUDENT RESPONSE DATA
I - INSTRUCTOR RES ONSE DATA
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students and instructors reported that this response occurred on 3.7 and
2.9 percent, respectively, of the total hops flown. The over-all incidence
of inflight performance degradation due to airsickness was also relatively

low in the squadron, with the students and instructors reporting its

presence on only 3.4 and 2.2 percent, respectively, of the total flights.
Student nervousness, experienced either prior to or during a flight, was
reported by the students and instructors on 33.8 and 22.5 percent,
respectively, of the flights. This measure was included to explore
potential relationships between it and other measures, both inflight

and on the motion reactivity test battery.

To illustrate the relative magnitude of the airsickness problem
among the different hops comprising the Squadron VT86-AJN flight syllcbus,

selected elements of Table I have been plotted in Figures 3 through 9.
In these fi.gures, each hop is identified with an abbreviated code that
is explained in Appendix A. All of the hops were flovim in the multi-
seated T39-D aircraft with •he exceptions of DI and D2 which were flown
in the two-seated TA-4J aircraft. The hop name--labeling sequence in

these figures readliig from left to right follows, in general, the sequence
that the students flew the hops, although there were variations from
student to student. This sequence was determined by numbering each hop
flown by a given student in the order that it was flown and calculating
the mean ordinal number for the named hop for the entire student group.

Since questionnaires were not necessarily received from every student
for every flight comprisi-g the syllabus, this mean sequence only approxi-
mates the actual order of the different hops. From a practical viewpoint,
this method well approximates the over-all hop sequence flown by the
majority of the students, with the chance of sequence error greatest
between two adjacent hop listings for any given student.

The distribution of the basic flight data available for analysis
on an individual-hop basis is depicted in Figure 3 where the number of
questionnaires collected for a given hop is expressed as the percentage
of the total number (1,833) of questionnaires received. Variations in
the exact number of questionnaires received per hop are due to less than
100 percent return, which was sometimes compensated by repeat hops flown
by the students. Of the 1,833 questionnaires received, 294 (about 16
percent) involved students repeating a hop they had previously flown.

In Figure 4 the student and instructor ratings of airsickness are
compared for each hop. Figure 4A plots the incidence of airsickness,
regardless of degree of severity, that occurred on a given hop as the
percentage of the total hops flown where airsickness was present.
Figures 4B, 4C, and 4D depict the percent incidence of hops where air-
sickness was present to a mild, moderate, and severe degree, respec-
tively. Figures 5, 6, and 7 represent equivalent plots of the incidence
of vomiting, inflight performance degradation due to airsickness, and
nervousness, respectively, questionnaire items. In general, both the
incidence and severity of airsickness were greatest on hop DI, the
indoctrination flight in the TA-4J aircraft. Of the total number of Dl
flights, the students reported that 33.3 percent of the hops produced
airsickness (Figure 4A), 18.9 percent resulted in vomiting one or more
times (Figure 5A), and 15.3 percent caused performance degradation due

_ _
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Figure 3

Plot of relatire distribution of airsickness questionnaires received during the study as a
function of the individual hops comprising the squadron flight syllabus. Each bar above a
given hop correspondd to the percentage of the total number of questionnaires collected during
the study that pertained to the specific hop. The left-to-right hop sequence shown corres-
ponds in general to the sequence that the students flew the hops, although there were excep-
tions within each hc~p series.

to airsickness (Figure 6A). These incidence figures were closely fol-
lowed by Hop D2 (demonstration of mild acrobatic maneuvers in the TA-4J)
and then Hop LL1 (the first hop of the squadron syllabus flown in the
T-39D). As indicated by Figure 7, the incidence of nervousness was
greatest at the beginning of the flight syllabus and then reflected a
downward trend as training progressed-

Figure 8 is a plot of the percent incidence of airsickne6s medication
usage as reported by the students. These data indicate a relatively low
use of suth medication during training, with the exceptions of the D.
and D2 hops. This reported usage of medication during the mid-to-late
phases of the training program, and on the two most stressful hops of
the syllabus, requires further investigation since this practice tends
to allow airsick susceptibles to continue in the program without the
natural screening that might occur without medication. This same trend
was observed during basic training in Squadron VT10 (3).

The turbulcnce or roughness-of-air data provided by the instructors
following each flight are plotted in Figure 9. These dats indic te that
turbulence was considered to be greatest en the four hops comprising the
IL series and two of the hops comprising the RA serier. As indicated in
Appendix A, these hops usually involved some form of low-level flight
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Figure 4

Comparison of student and instruczor ratings of airsickness incidence and severity as a func-
tion of the individual hops. The incidence of airsickness of any degree (mild, moderate, or
severe) is shown in A; the incidence of mild, moderate, and severe degrees of airsickness in
B, C, and D, respectively. In each case, incidence is expressed as the percentage of the

total number of hops flown of a given classification where the denoted response occurred. In
general, the instructor judgments of airsickness incidence and severity underestimate those
prov'led by the students. Hops Dl and D2, flown in the TA-4J aircraft, produced the greatest

airsickness stress.
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Figure 5

Comparison of student and instructor ratings of vomiting incidence as a function of the
individual hops. The percent incidence of hops resulting in students vomiting one or more
times is shown in A: the it.'idence of hops where the students vomited one, two, or three
times is shown in B, C, and D, respectively.
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Figure 7

Comparison of student and instructor judgments of student nervousness before or during a

given flight as a function of the individual hops.
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NEDICATION INCIDENCE
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Figure 8

Percent incidence of flights where students reported using airsickness melication. The use of
medication was greatest on hops DI and D2 which occurred in the mid-to-late phases of the
flight syllabus.

where turbulence or buffeting migh't be expected. As mentioned in the
first report of the series (3), concern was expressed that because of
the inclusý n of the words, "pilot technique," in the roughness-of-air
Item included in the questionnaire (Figure 2 - bottom) certain VT10
instructors may have based their judgments upon the over-all magnitude
of the flight forces associated with a given hop rather than simple
atmospheric turbulence. That is, it appeared that the VT10 flights
involving stress-level maneuvers were ranked high in turbulence level.
This does not appear to be the case for the VT86-AJN data, in that the
D2 hop involving acrobatics was not highly related relative to roughness-
of-air. 1he distribution of the Figure 9 turbulence data, when related
to the data of Figures 4, 5, and 6, does not indicate any strong rela-
tionship between the incidence of turbulence and the inciden,ýe of air-
sickness. There was a trend, however, for airsickness to follow turbu-
lence level for the first four hops (LLI-LL4) of the syllabus which
involved low-level flight.

The flight grade data listed in Table I are plot~ted as a function
of the individual hops in Fig ire 10. The squadron grading protocol was
such that an instructor issued one of four grades (average, above average,
below average, or unsatisfactory) for eac__h of the flight performance
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Figure 9

Percent incidence of turbulence (rough air or pilot technique) as a function of the individual
hops,
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Figure 10

Percent incidence of average (A), above average (B), below average (C), and unsatisfactory (D)
grades for the individual hops. The grading system is based upon assigning one of these four
grades to each task perform.ad on a given hop where the number of tasks graded varies from hop
to hop. Each datum plotted in this figure represAnts the percentage of the total number of
grades given on a specific hop where the denoted grade was issued.
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tasks to be practiced on a given hop. The percentage data plotted in
Figure 10 are referenced to the total number of grades issued on a given
hop. The "average" grade data of Figure 10 indicate a relatively even
distribution across the individual hops. The most noticeable distribution
difference seems to be in the relatively low incidence of "above average"
graces (Figure 10B) given on the Dl and D2 hops that were flown in the
TA-4J aircraft. As Indicated by Figure 1OC, however, the incidence of
"below average" grades on these two hops was not distinctly different
from the other hops.

In the previous report (3) dealing with airsickness incidence in
Basic Training Squadron VTl0, it was found that the last three hops (FO
series) flown in the syllabus produced relatively high airsickness
incidence. This finding was used to emphasize the point that adaptation
effects cannot be deduced from a simple analysis of airsickness as a
function of the number of hops flown within a given squadron. That is,
airsickness incidence, at least for the NFO population, did not continu-
ously decrease as the students progressed through the flight syllabus.
When the VTlO hops involved relatively high stress levels, airsickness
incidence rose even though the hops occurred toward the end of the
flight syllabus. The same trend may be observed for these VT86-AJN data
in that airsickness incidence was greatest on the Dl and D2 hops, which
occurred near the middle and end, respectively, of the syllabus. Our
results suggest that conclusions concerning airsickness adcptation must
be carefully weighed in relation to the stress level of each hop wiLhin a
given flight syllabus.

AIRSICKNESS INCIDENCE AND SEVERITY: STUDENT FREQUENCY ANALYSIS

The fl!ght data were also analyzed to establish the number of
students who experienced a given response a repeated number of times
during the course of their training. Table II is a tabulation of the
results of this analysis for each of the principal questionnaire responses.
Each datum in this table below a given column heading denotes the percentage
of the total number of students who experienced a given response the
number of times indicated by the column header. The total column at the
extreme right in the table denotes the percentage of the total number of
students gho experienced the given response one or more times.

These total data indicate that 55.2 percent of the students reported
being airsick on one or more flights during their VT86-AJN training,
28.4 percent reported vomiting on one or more flights, 30.6 percent
reported inflight performance degradation due to airsickness on one or
more flights, and 80.6 reported nervousness on one or more flights. As
indicated by the 0.7 percent datum under the "10" column heading of
Table II, one student reported being airsick on ten of his hops. Table
II, like Table I, reflects the lower magnitude of the instructor ratings
as compared to those of the students.

To emphasize the large contribution of a small number of students
to the over-all airsickness problem, the airsickness, vomiting, per-
formance degradation, and nervousness data have been plotted in cumu-
lative frequency distribution form in Figures 11A, B, C, and D, re-
spectively. The percentage of the total number of students who never
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Figure 11

Normalized cumulative frequency distribution of students experiencing airsickness(A), vomit-
ing (B), inflight performance degradation (C), and nervousness (D) a different number of times
during the course of their flight training in this squadron based upon both student (solid
line) and instructor (dashed line) data.
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reported experiencing a given response • represented in these figures
by the intersection of the distribution curve with the ordinete axis.
in summary, 44.8 percent of the students reported never being airsick,
71.6 percent reported never vomiting, 69.4 percent reported never suffer-
ing from inflig;t performance degradation due to airsickness, and
19.4 percent reported never experiencing nervousuess prior tc or during
flight. As represented by the steep slopes of the Figures 11A, B, and C
distribution curves, only a relatively small number of students experi-

enced airsickness, vomiting, or performance deradation on more than two
flights in this squadron. For example, when one relates the student
airsickness data of Table II to th. total number of flights where air-
sickness occurred (Table I), it may be shown that only 18 (13.4 percent
of the total) students were airsick on more zhan two hops, and they
accounted for 53 percent of the total number of hops where airsickness
was reported to be present. In like manner, it can be shown that 50
percent of the hops where airsickness occurred was accounted for by
slightly less than 13 perce,.c of the total number of students; 50 percent
of the hops where vomiting and inilight performance degradation occurred
was accounted for by approximately 8 percent of the studentp, Rnd 50
percent of the hops where nervousness occurred was accounted for by only
18 percent of the students. As mentioned previously (3) the long-term
objective in the development of tests to predict airsickness sus-
ceptibility must center on the identification of those individuals
falling Into the upper part, e.g., the upper decile, of the Figure 11
distributions.

Normalized cumulative frequency distributions of the same form are
also plotted for student reports of medication usage In Figure .i2A and
for instructor ratings of turbulence in Figure 12B. The significance of
the medicction plot is that only nine (6.7 percent) of the squadron
students reported using medication at any time during training. Of
these students, two used medication on one flight, three on two flights,
three on three flights, and one on five flights. As with the Squadron
VT1O data (3), the incidence of medication usage shown in Table I and
plotted in Figure 8 was accounted for by only a few students. The
turbulence data of Figure 12B show that the repeated exposure to roughness
of air was more evenly distributed over the population.

INDIVIDUAL STUDENT PERFORMANCE: AIRSICKNESS INDICES

Unweighted and weighted indices were calculated for the principal
components of the airsickness questionnaire data, using both the student
and instructor ratings. The indices allow comparisons to be made among
different squadrons and among different student subpopulations within
given squadrons. In addition, they are intended to serve the further
function of relating an individual's performance during basic training
with subsequent performance in advanced and fleet readiness (RAG) squad-
rons. As outlined in the first report (3), five unweighted and five
weighted indices were calculated for each student, using the airsickness,
vomiting, performance degradation, nervousness, and medication usage compo-
nents of the student questionnaire as measurement ieferences. Similarly,
for the instructor data pertaining to the same student, five unweighted and
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Figure 12

Normalized cumulative frequency distribution of students utilizing medication on a repeated

basis (A) and students experiencing turbulence or roughness of air on one or more flights Vi).

Note that the incidence of medication usage shown in Figure 8 was accountad for by a very
small percentage of the total student population, as indicated in A.

five weighted indices were calculated, using the same measurement refer-
ences, with the one exception of substituting the instructor rating of
turbulence for the'student report of medication usage. Flight indices
were not calculated for those students who submitted less than four ques-
tionnaires during the study period.

The methods used to calculate the indices were keyed to structuring
a computer data storage file for each student that contained a sequential
tabulation of all questionnaires collected from the student during the
course of his squadron training. The unweighted indices were calculated
from this file as

1) RESPONSE INDEX (UNWEIGHTED) -No. Flights Response Experienced
Total No. Flights Flown

where no weight was given to the severity of the response; i.e., attentiou
was given only to the fact that a response such as airsickness occurred on
a flight without regard to its mild, moderate, or severe degree of magni-
tude. Accordingly, the unweighted indices simply represent the percentage
of the flights flown by the student where the denoted response such as
airsickness occurred. This method of calculation of the unweighted indices

was applied to each of the five student questionnaire responses and to each
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of the five instructor responses, as listed above.

The weighted indices calculated for the same ten questionnaire responses
were based upon the assignment of a linear weight of 0, 1, 2, 3 to the four
magnitude ratings associated with all but the medication usage item. For
example, if a student reported that he was not airsick on a hop, he would
have a response rating of 0.0 for this particular flight; a student who
reported either mild, moderate, or severe airsickness was given a response
rating of 1, 2, or 3, respectively, for a particular hop. These response
ratings were summed for' all of the hops flown by a given student and used
to calculate a weighted index that was normalized to have a maximum value

of 100 as follows:

2) RESPONSE INDEX (WEIGHTED) Sum (Individual Flight Response Ratings) 100
Total No. Flights Flown 3

To illustrate, a student who was never airsick d'kring training would have a

weighted airsickness response index cf 0.0; a student who was severely air-
sick on all of his flights would have a corresponding weighted index of
100.0; a student who wa:; mildly airsick on 50 percent of his flights would

have an index of 16.7; and a student who was severely airsick on 50 percent
of his flights would have an index of 50.0. In the case of the medication
usage question, a response rating of 0 was assigned to the item if medica-
tion was not used on the flight, and 1 if used. The weighted index was
also normalized to have a maximum value of 100.0, thus resulting in the
unweighted and deighted indices for this one item being identical.

The resulting group statistics for thc r.sponse indices of the VT86-AJN
students are presented in Table Ill. Statistical parameters listed for each
response variable include the group mean, standard deviation of the observa-
tions, standard error of the mean, minimum and maxiium values observed,
group median, the total number of observations (students) in the data base,
and the Kolmogorov-Smirnov deviation statistic. Response variables 1 through
10 in this table represent the response indices derived from the student-
based questionnaire data; variables 11 through 20 correspond equivalently
to the indices derived from the instructor-based questionaire data; variables
21 and 22 are the final academic and flight grades, respectively, received by
the students upon graduating from basic training in Squadron VTIO; and vari-
ables 42 and 43 are the final academic and flight grades received by those
students who successfully completed advanced training in VT86-A.JN.

Variables 23 through 41 in Table III describe the performance of
the student group on assorted elements of the motion reactivity test
battery given to many of the students prior to their beginning flight
training in Squadron VTIO. In brief, TMSQ1, TMSQ2, and TMSQ3 (variables
23, 24, and 25, respectively) pertain 'o a motion sickness history where
TMSQ1 and TMSQ2 involve motion sickneýs experiences prior to and follow-
ing age 12, with TMSQ3 equal to the sum oi che TMSQ1 and T4SQ2 scores;
TSANX and TTANM (variables 26 and 27) to a state/trait anxiety test;
TBVDT, TBVDR, TBVDS, and TBVDP (variables 28 through 31) to a Brief
Vestibular Disorientation Test (BVDT); TVVSPl, TVVSP2, and 1VVSP3 (vari-
ables 32 through 34) to the static performance element of a Visal/Vestibular
Interaction 'ist (VVIT); TWODP1 TVVDP2, and TVVDP3 (variables 35 through
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Table III

Scatistical listing of the flight tesponse indices and laboratory test scores for the
Squadron VT86-AJN study population. Data presented for each response variable include
the mean, standard deviation, stanidard error of the mean, minimum, maximum, median,
and total number of ftudents. in acd.:tion, the deviation-statistic associated with
the nonparametric Kolmogorov-Smirnov one-sample test of goodness of fit of the distribu-
tion of the observed data to the distribution of an equivalent theoretical Gaussian
population is listed at the right.

RESPOHSC VARIABLE STATISTICAL PARAMETERS
NO DESCRIPTION nIEAH S DEV. S.ERR. MIN MAX MEDIAN N DEY

1 S-1IRSICKNESS iNDEN-UU 9.4 14.7 1.3 .1 168.6 5.6 129 .286
2 S-VOMITING INI)EX-UU 4.6 7.7 .? .8 44.4 .8 129 .496
3 S-P.DEGRADATION INDEX-UW 3.6 8.3 .7 .6 75.0 .8 129 38#
4 S-NERVOUSHESS INDEX-UV 34.5 379. 2.7 .6 166.6 26.7 129 .160
5 S-MEDICAT ION INDEX-UW 1.1 4.2 .4 .6 25.6 ,6 129 .56#
6 S-AIRSICKNESS INDEX-W 4.0 6.6 .6 .6 56.6 2.8 129 .220
7 S-VOMITING !NDEX-W 1.8 3.6 .3 .6 19.3 .0 129 .46#

8 S-P.DEGRADATION INDEX-U 1.5 3.6 .3 .6 33.3 .8 129 .32#
9 S-hZ'R,,OUSNESS INDEX-W 13.5 12.9 1 .1 .8 56.4 9.5 129 .15#

10 S-MEDICATION INDEX-U 1.1 4.2 .4 .6 25.6 .6 129 .56#
11 I-AIRSICKNESS I"DEX-UU 5.8 8.6 .6 .8 56.6 .9 128 .310
12 I-VOMITING INDEX-UU 3.5 7.6 .6 .8 28.6 .8 128 .430
13 I-F.DE(PRADATION INDEX-UW 2.6 6.5 .6 .6 56.0 .8 128 .480
14 I-NERYOUSN•SS INDEX-UU 24.? 17.3 1.5 .6 1-0.0 22.8 128 .68
15 I-TURaULENCE INDEX-UH 36.7 16.8 1.5 .8 96.6 28.6 128 .18

16 I-AIRSICKNESS INDEX-W 2.3 4.5 .4 .8 31.3 .8 128 .316
17 I-VOMITIFG INDEX-W 1.6 3.3 .3 .6 16.7 .6 128 .431
19 I-P. DEGRADATIOH INDEX-V 1.1 3.6 .3 .8 5.6 .a 128 .,9#

19 I-NERVOUSNESS INDEX-W 16.6 8.1 .7 .8 41.7 8.6 128 .16#
26 I-TURBULENCE INDEX-U 13.8 7.7 .? .8 46.6 12.3 128 .9
21 ACADEMIC GRADES-BASIC 51.8 4.6 .4 39.4 61.2 58.8 134 .9
22 FLIGHT GRADES-BASIC 3.6 .6 .8 3.8 3.1 3.9 134 .171
23 TNSQI-MS HISTORY:PART 1 8.6 11.1 1.6 .8 51.8 5.6 122 .21#
24 TMSQ2-MS HISTORY, PART 2 6.5 9.6 .9 .8 64.3 3.3 122 .22P
25 TMSO3-MS HISTORY:SUM 15.1 18.2 1.6 .8 96.8 9.7 122 .166
26 TSANX-STATE/ANX.GUEST. 33.2 11.3 2.7 26.6 58.6 32.8 I .17
27 TTANX-TRAIT/ANX.QUEST. 28.1 5.4 1.3 28.8 44.9 28.8 18 .20
28 TBVDT-BVDT TIME OF DAY 9.9 1.8 .2 7.7 15.4 9.5 126 .14Q
29 TBVDR-BVDT RATER 13.8 6.4 .6 6.6 47.3 11.7 123 .191
30 TBVDS-BVDT SELF-RATING 15.8 6.9 .6 5.8 31.6 14.8 123 .14f
31 TBVDP-BVDT POST-RATING 6.9 13.6 1.3 .0 78.8 .9 118 .35#
32 TVVSPI-VVIT STATIC-RIGHT 121.8 7.2 1.4 164.9 129.6 123.8 25 .13
33 TVVSP2-YVIT STATIC-URONG 6.8 6.8 1.2 .6 22.0 31 25 .21
34 TVVSP3-VVIT STATIC-OMIT 2.6 2.6 .5 .9 6.0 .8 25 .36#
35 TVVDPI-VVIT DYNAMIC-RIGHT 65.6 29.? 5.9 16.6 115.6 59.0 25 .12
36 TVVDP2-VYVIT DYNAMIC-WRONG 18.8 5.8 1.2 1.9 25.0 11.8 25 .9
37 TVVDP3-VYIT DYNAMIC-OMIT 52.6 36.6 6.1 4.8 112.;o 51.8 25 .9
78 TYVIR-VYIT RATER 16.3 ?.5 1.5 7.5 39.6 13.5 25 .21
39 TVVIS-VVIT SELF-RATING 17.6 7.6 1.4 7.6 31.6 15.6 25 .17
40 TVVIP-VYIT POST-RATING 8.3 11.6 2.3 .8 48.6 2.8 25 .276
41 TVVIT-ýVIT TIME OF DAY 18.7 2.2 .4 8.3 15.7 9.9 25 .17
42 ACADEMIC GRADES-ADVANCED 87.7 6.1 .6 72.5 97.5 87.5 169 .68
43 FLIGHT GRADES-ADVANCED 3.1 .1 .9 2.9 3.9 3.1 169 .15#

S a STUDENT RESPONSE DATA UU a UNUEIGHTED RESPONSE INDEX
I - INSTRUCTOR RESPONSE DATA U a WEIGHTED RESPONSE INDEX
* - SIGNIFICANT BEYOND THE .1 LEVEL
# - SIGNIFICANT BEYOND THE .81 LEVEL
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37) to the dynamic performance element of the WIT; and TVVIR, TVVIS,
TVVLP, and TWIT (variables 38 through 41) to the motion sickness rating
element of the WIT.

In the interpretation of the numerical magnitude of the mean data
presented in Table III, it should be realized that for the 20 flight
indices, high scores denote poor performance and low scores good performance
(or in the case of the turbulence measure, high scores represent greater
stress than low scores). Correspondingly, for the majority of the
motion reactivity test battery scores, high scores denote either poor
performance or greater susceptibility to motion stress. In the case of
two test scores (TVVSPI and TVVDP1), the converse is true in that these
two variables pertain to the number of correct responses produced by the
students while performing the related test tasks. In the case of the
TBVDT and TVVIT variables, no magnitude relationship exists relative to
performance in that these measures describe the time of day (24-hour
clock) that the BVD and VVI Tests were given to the student group. The
converse relationship also applies to the grade data (variables 21, 22,
42, and 43) where higher scores obviously denote better student performance.

As with the Squadron VT1O data (3), the distributions of the 20
Squadron VT86-AJN flight indices are generally skewed toward the lower
values of the response scale, with the median values of Table III con-
sistently falling below the related means. Similarly, the results of a
Kolmogorov-Smirnov one-sample test of goodness of fit (2) of the normal-
ized cumulative distribution of the observed data to an equivalent
Gaussian distribution with the same mean and standard deviation as the
observed data indicate non-normality for the majority of the data. As
indicated by the significance symbols adjacent to the Kolmogorov-Smirnov
deviation statistic labeled as DEV in Table III, the null hypothesis
that the distribution of the observed data is the same as a Gaussian
distribution must be rejected at the .01 significance level or greater
for 17 of the 20 flight indices. Plots of the normalized cumulative
frequency distributions of the unweighted and weighted flight indices,
along with their equivalent theoretical Gaussian distrioutions, are
presented in Figures Cl through C5 of Appendix C for both the student-
and instructor-derived questionnaire data. Figures C6 through ClI plot
similar data for the motion reactivity test results (variables 23 through
41) of the squadron students.

The unweighted, student-based indices in Table III imply that for
this specific VT86-AJN population, Lhe mean or "average" student experienced
airsickness on approximately 9.4 percent of the hops flown, vomited one
or more times on 4.0 percent of the hops, experienced inflight performance
degradation due to airsickness on 3.6 percent of the hops, and reported
the presence of nervousness on 34.5 percent of the hops. The equivclent
unweighted indices calculated from the instructor-furnished data indicate
considerably lower mean values for the corresponding variables, with the
exception of the overt vomiting symptom. This same relationship applies
to the weighted indices presented in Table III. The mean value of 1.1
for the medication usage index denotes the relatively low usage of
medication in the squadron. However, as mentioned in the first report (3)
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such "average-student" interpretations of the Table III mean data are
highly restricted by the non-Gaussian nature of the relatec distributions.

COMPARISON OF GRADUATED/ATTRITED STUDENT PERFORMANCE

To compare the flight and laboratory performance of the VT86-AJN
students who were graduated from this squadron with those students who
attrited during training in this squadron, a Kruskal-Wallis one-way
analysis of variance by ranks test (2) was applied to the data associated
with these two subpopulations. This nonparametric statistical approach
w:s selected because of the noxL-Galssian nature of the majority of the
infligb: tasponse indices and the notion reactivity test scores. In
Table IV a tabulation is made of the Kruskal-Wallis H statistic corrected
Cor tied ranks; and, for each of the two student groups, the mean,
iL.trdard deviation of the observations, standard error of the mean, and

nuH)ei of students in the group. To disprove the null hypothesis that
the graduated and attrited students derive from the same or an identical
population requires that the H statistic equal or exceed 3.84 at the .05
significance level, 6.64 at the .01 level, or 70.83 at the .001 level,
assuming that H is distributed like chi square with one degree of freedom.
In conformance with the analytical procedures established by the first
report (3) of the series, a probability of .01 was arbitrarily selected
as the minimum degree of statistical significance that would be symbolically
identified in Table IV. (This choice also applies to all following
tables in the report.)

Table IV indicates that there were no significant differences

between the graduated and attrited student groups for any of the 20
(variables 1 through 20) Squadron VT86-AJN flight indices or for any of
the 19 motion reactivity test scores (variables 23 through 41.). The
only difference found between the two groups involved the flight grades
received during basic training in Squadron VT10. The mean flight grade
score for the attrition group was slightly lower (3.01) than that for
the graduate group (3.03). This lack of distinct differences between
these two VT86-AJN populations for either the flight responses or the motion
reactivity test scores follows that reported (3) for the graduated/attrited
students during basic training in Squadron VTIO. In the latter case the
only difference found involved a slightly higher instructor-based flight
nervousness index (variables 14 and 19) for the students who began
flight training in VT10 but attrited before completing the syllabus.
In both squadrons, however, the percent incidence of airsickness (variable
1) was significantly higher (p < .05) for the attrites.

COMPARISON OF STUDENT SUBPOPULATIONS BASED UPON AIRSICKNESS SENSITIVITY

In the first report (3) of the series it was emphasized that a
long-term objective of this laboratory is to develop and validate an
airsickness test battery to identify both susceptible and nonsusceptible
aviation candidates. In this study, the inflight data derived from both
the students and the instructors over the full course of the NFO training
syllabus serve to quantitatively distinguish between those students who
repeatedly suffer airsickness (high flight index scores) and those
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Table IV

Results of a nonparametric Kruskal-Wallis one-way analysis of variance comparison of students
who graduated from Squadron VT86-AJN with students who attrited from the squadron after beginning
flight training.

RESPONSE VARIABLE G CRADUATES ATTRITES
1O. DESCRIPTION STATISTIC MEAN S.DEV. S ERR. N MEAN S.DEV. S.ERR. N

I S-AIRSICKNESS INDEX-UV 4.49 7.7 18.7 1.6 114 22. 8 29. 2 7.5 15
2 S-VOMITING INDEX-UW 2.62 3.5 7.3 .7 114 7.1 9.9 2.5 15
3 S-P DEGRADATION INDEX-UV 2.31 2.9 5.5 .5 114 8.6 19.8 4.9 15
4 S-NERVOUSNESS INDEX-UV 1.39 33.1 29.9 2.6 114 45.5 ?'.4 9.7 15
5 S-MEDICATION INDEX-11W 89 1.8 4.2 4 114 1.2 1 7 1 .2 1!
6 S-AIRSICKNESS INDEX-V 3.49 3.3 4.9 .5 114 8.9 3.3 3. 15
7 S-VOMITING INDEX-W 1.43 1.7 3.4 .3 114 2.9 4.5 1.2 15
8 S-P DEGRADATION INDEX-W 1.94 1.2 2.2 .2 114 3.6 9.5 2.2 15
9 S-NERVOUSNESS INDEX-W 1.?? 12.9 12.4 1.2 114 16.9 15.5 4.6 Is

16 S-MEDICATION INDEX-W .96 1.0 4.2 .4 114 1.2 4.7 1.2 15
11 I -AIRSICKNESS INDEX-UV 1.33 4.3 7.5 7 114 1.5 15. 3 4. 1 14
12 I-VOMITINC INDEX-UV 3.75 2.9 6.3 .6 114 7.9 16.6 2.9 14

13 I-P DEGRADATION INDEX-UV .63 2.2 4.8 .4 114 6.3 14.1 3.8 14
14 I-NERVOUSNESS INDEX-UW .91 24.9 16.4 1.5 114 38.2 23.6 6.3 14
15 I-TURBULENCE INDEX-UW .68 30.4 15.8 1.5 114 32.5 24.6 6.6 14
16 I-AIRSICKNESS INDEX-W 1.96 2.6 3.3 .3 114 5.3 9.3 2.5 14
17 I-VOMITING INDEX-V 3.25 1.4 2.8 .3 114 3.9 S5. 1.6 14
18 I-PDEGRADATION IHDEX-U .48 .9 2.1 .2 114 2.7 6.6 1.9 14
19 I-NERVOUSNESS INDEX-W .47 9.6 8.6 .7 114 11.8 9.7 2.6 14
20 I-TURBULENCE INDEX-W .81 12.9 7.1 .7 114 14.4 11.9 3.2 14

21 ACADEMIC GRADES-BASiC 2.99 51.3 4.5 .4 116 49.2 5.8 1.2 29
22 FLIGHT GRADES-BASIC 7.556 3.6 .6 .6 116 3.e . . 18
23 TMSQI-NS HISTORYIPART 1 1 .4 9.6 @. 6 1.6 105 12.6 13. 7 3. 3 17
24 TMSQ2-MS MISTORYPART 2 .76 6.4 16.8 1.. 105 6.8 6.9 1.7 17
25 TMSQ3-MS HISTORY, SUM 1.16 14.4 18.1 1.9 165 19.4 19.8 4.6 17
26 TSANX-STATEIANX.QUEST. .53 31.5 9.8 2.7 13 37.6 IS.e 6.? 5
27 TTANX-TRAIT/ANX.QUEST. .?1 27.1 3.? 1.6 13 38.6 6.4 3.6 5
28 TBVDT-BVDT TIME OF DAY .36 9,9 1.7 .2 103 16.5 2. 4 .6 17
P9 TOVDR-BVDT RATER .19 13.8 6.6 .6 166 13.6 4.9 1.2 17
39 TBYDS-BVDT SELF-RATING .26 15.6 6.6 .7 166 14.4 ?.6 1.9 17
31 TBVDP-BVDT POST-RATING 1.22 5.5 12.9 1.3 103 9.3 17.9 4.6 15
32 TYYSPI-YVIT STATIC-RIGHT .92 126. 7. 4 1.? 16 121.3 7. 3 2.? ?
33 TVVSP2-YVIT STATIC-URONG .62 6.2 6.3 1.5 19 5.6 5. 4 2.0 7

34 TVYSP3-VVIT STATIC-OMIT .66 2.0 2.5 .6 1 2.1 2.9 1.1 7
35 TVVDPI-VVIT DYNAMIC-RIGHT .77 69.4 26.7 6.3 16 56.4 3?7. 14.3 ?
36 TVVDP2-VVIT DYNAMIC-WRONG 77 121.5 6.1 1.4 1i 8.9 5 1 1.9 7
37 TVVDP3-VYIT DYNAMIC-OMIT .67 49.1 27.1 6.4 10 61.7 39.3 14.9 7
38 TYVIR-VYIT RATER 1 .26 15.9 8.4 2.6 Is 17.1 5. 1.9 7
39 TYVIS-VVIT SELF-RATING .99 17.7 8.1 1.9 19 17.3 7.8 2.6 ?
46 TYVIP-VYIT POST-RATING .61 7.9 16.5 2.5 IS 9.4 14.9 5.6 7
41 TVVIT-VYIT TIME OF DAY 2.19 10.9 2.3 .5 I 9.9 1.7 .7 7

5 v STUDENT RESPONSE DATA UV u UNWEIGHTED RESPONSE INDEX

I w INSTRUCTOR RESPONSE DATA V V VEIGHTED RESPONSE INDEX
A a SIGHIFICANT BEYOND THE .91 LEVEL

& SIGNIFICANT BEYOND THE .691 LEVEL
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students who rarely experience airsickness (low flight index scores).
Accordingly, separation of the students into susceptible and nonsusceptible
groups based upon their actual flight performance provides some direct
insight into the relative merit of the individual components of the
prototype motion reactivity test battery given to the students prior to
their beginning NFO flight training. In the paragraphs that follow,
such an approach is pursued by comparing the flight and laboratory data
produced by the most susceptible students (arbitrarily defined as those
students with high scores falling into the upper decile of the entire
population for a given airsickness measure) with that produced by the
least susceptible students (arbitrarily defined as those students who
never experienced airsickness during training). In the interpretation
of the data afforded by these comparisons, it must be recognized, howeveL,

•, that as training progresses through the various basic, advanced, and
fleet readiness squadrons, the flight index level that defines the upper

decile population during the early phases of training should be greater
than the level that defines the upper decile population during the later
phases of training. That is, natural screening of airsick-prone individuals
through either attrition during basic training or selection of minimal
flight stress pipelines following completion of basic training, combined
with some degree of motion sickness adaptation, should result in a
higher proportion of nonsusceptible students during the subsequent
advanced and RAG squadron phases of the over-all training program. iL
would then follow that the mean values of the flight indices would be
expected to fall as training progressed.

As with the first report (3) of the series, the initial comparison
to be made involves the weighted airsickness index data derived from the
student questionnaire (variable 6). The nonsusceptible population was

defined as those students who never reported experiencing airsickness
during flight training in Squadron VT86-AJN. This corresponds to airsickness
index scores of 0.0 for both the unweighted (variable 1) and weighted
(variable 6) responses. The susceptible or airsick population was
defined as those 10 percent of the student population who had a weighted
airsickness index that equaled or exceeded the 90th centile (upper
decile) reference established by the normalized cumulative frequency
distribution for this particular index. The student-based distribution
data presented in Figure Cl-B indicate that at the 90th-centile point,
the weighted index score was approximately 10.0. These distribution
data also indicate that the nonairsick group included approximately 44
percent (57 students) of the total squadron population (129 students)
for which airsickness index scores were determined.

With these criteria serving to define the airsick susceptible and
nonairsick susceptible populations, a Kruskal-Wallis one-way analysis of
variance was performed on each of the response variables, the results of
which are tabulated in Table V. As indicated by the significance symbols
entered adjacent to the H statistic, the airsickness-related flight
indices (variables 1-3, 6-8, 11-13, and 16-18) were significantly different
for the two populations, which, by definition, would be expected as a
result of the criterion selected to distinguish between the two populations.
The medication index also shows a higher drug usage rate for the airsick
group. No differences were observed for any of the nervousness-related
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Table V

Results of a Kruskal-Wallis one-way analysis of variance comparison of students who never experi-
enced airsickness during flight training with students who had a relatively high incidence of
airsickness. The nonairsick group, defined as those students with a weighted airsickness index

(variable 6 from the student questionnaire) equal to 0.0, represented approximately 44 percent of
the total study population. The airsick group, arbitrarily established as the most sensitive
10 percent of the students, was defined as those individuals with a weighted airsickness index

equal to or greater than 10.0 which marked the upper decile for this measure.

PESPONSE VAPIABLE H NONAIRSICK AIRSICK
lie. DESCRIPTION STATISTIC MEAN S DEY S.ERR N MEAN S DEV S.ERR. N

I S-AIPSICKHESS INDEX-UV 60.5* .6 .8 .6 5? 41.8 23. 1 6. 4 13

2 S-v•OITING INDEX-UW S8.83* .9 .8 .8 57 15.9 13. 3 3. 7 13
3 S-P.DEGRADATION INDEX-UW 39,31* .5 2.3 3 5? 13.7 19. 7 5.5 13

4 S--F.RuOUSNESS INDEX-UW 3.99 33.9 32.6 4.3 5? 52.9 31.9 8.9 13
5 S-MEDICATION INDEX-UIM 19.32* .6 . .0 57 4.e 9.1 2.3 13
6 .P-AlRSICKHNES INDEX-W 68,64* .9 .6 . 5? 18.9 16.9 3.9 13
7 S-VOMITING INDEX-U 56.63* .6 .6 . 57 7.3 6. 2 1 7 13
9 S-P PEGRADATION INDEX-U 40.26* .2 2.1 1 57 6.6 6 .7 2. 4 13
9 S-NEROLOUSHESS IHDEX-U 4.59 12.9 12.8 1.? 57 22.3 16.1 4.5 13

18 S-MEDICATION INDEX-U 19. 320 . .6 . 5? 4. 9 0 1 2. 3 13
1I T-AIRSICK.NESS INDEX-UW 56 210 .1 1.1 1 56 16.3 14. 4 4.6 13
12 I-VOMITING INDEX-UW 43.66* .6 .6 .6 56 12.7 11.4 3.2 13
13 I-PDEGRADATION INDEX-UW 44. 1* .1 1.1 .1 56 11.4 13 2 3. 7 13
14 I-NERVOUSNESS INDEX-UU .13 27.9 19.9 2.5 56 26.4 26.1 5.6 13
15 I-TURBULENCE INDEX-UM 4.36 27.9 16.4 2.2 56 46.7 21.7 6.6 13
16 I-AIRP.TCNESS INDEX-W 5. 7* .6 .4 .6 56 9.9 9 9 2.5 13
17 I-VOMITING INDEX-W 43.66* .6 .6 .6 56 6.2 5. 6 1 .6 13
19 I-PDEGRADATION INDEX-U 44. 33* . .4 .6 56 5.2 6. 1.9 13
!9 I-NERVOUSNESS INDEX-W .66 11.5 9,3 1.2 56 16.6 9.4 2.3 13
28 I-TURBULEHCE INDEX-U 2.98 11.9 7.7 1.6 56 16.1 .69 2.4 13
21 ACADEMIC GRADES-BASIC .49 51.3 4.6 .6 5? 52.6 5.8 1.6 13
22 FLIGHT GRADES-BASIC .67 3,6 .6 0 5? 3. .9 .6 13
23 TMSQI-MS HISTORY, PART 1 6. 94# 5.7 9.3 1.3 52 14.2 12. 3 3.5 12
24 TMS02-MS HISTORY. PART 2 19 410 4. 6..1 .9 52 15.2 17.6 5.1 12
25 TMSO3-MS HISTORYSUM 12.210 9.9 13.8 1.9 52 29.4 25.7 7.4 12
26 T'3AHX-BTATE/ANX.,UE9T. 1.51 31.9 15.6 7.9 4 37.6 7.6 3.1 5
2? TTANX-TRAIT/AHX.QUEST. .75 29.6 3.7 1.9 4 26.2 4. 1 1.9 5
28 TBVDT-BVDT TIME OF DAY .64 9.6 1,' .3 56 9.5 1.4 .4 12
29 TBVDR-BVDT RATER 16.470 11.2 3.4 .5 52 17.9 9.6 2.3 12
3@ T•yDS-BVDT SELF-RATING 11 59* 12.1 5.4 .7 52 26.1 6. 7 1.9 12

31 TBVDP--BVDT POST-RRATING 9.450 2.6 7.6 1.1 51 16.2 11.4 3.6 i1
32 TVVSPI-VVIT STATIC-RIGHT 2.65 120.6 6.7 2.4 9 124.8 3.9 1.6 6
33 TVYSP2-VVIT STATIC-URONG 2.74 7.5 5.4 1.9 6 3.2 3.1 1.2 6
34 TVýSP3-VVIT STATIC-OMIT .42 1.5 2.3 .6 8 1.6 2.4 1.9 6
35 T•DVPI-YVIT DYNAMIC-RIGHT 1.67 77.7 36.7 16.9 8 54.3 34.9 14.2 6

36 TVVDP2-VUIT DYNHAIC-URONG 1.95 12.1 4.5 1.6 9 7.9 6.6 2.7 6
.7 TVVDP3-VVIT DYNAMIC-OMIT 1.67 39.1 28.7 10.1 6 66.9 36.4 15.7 6
38 TVVIR-VVIT RATER 1.21 14.4 6.7 2 4 3 21.2 12.1 4.5 6
39 TVVIS-VVIT SELF-RATING 4.29 16.8 6.8 2.4 9 24.6 5.2 2.1 6
48 TVVIP-VVIT POST-RATING 3.79 5.8 12.3 4.4 9 14.5 14.1 5.9 6
41 TVVIT-VVIT TIME OF DAY .27 9.9 1.9 .7 9 9.9 1.1 .4 6
42 ACADEMIC GRCADES-ADVANCED .63 96. 9 6.6 .9 56 96.7 7.9 2.6 9
43 FLIGHT GRADES-ADVANCED .B6 3.1 .1 .6 56 3.1 .1 .6 9

S a STUDENT RESPONSE DATA UV - UNWEI.HTED RESPONSE INDEX
I . INSTPUCTOR RESPONSE DATA % * EIFIGHTED RESPONSE INDEX
6 - SIGNIFICANT BEYOND THE .91 LEVEL

- SIGNIFICANT BEYOND THE .B91 LEVEL
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indices nor for the instructor-based turbulence data. This applies also
to the academic and flight grades received by the two groups, either in
basic training or advanced training.

In the case of the 19 motion-reactivity test scores, statistical
differences were found only for the three scores associated with the
motion sickness history (variables 23-25) and the three scores associated
with the Brief Vestibular Disorientation Test (BVDT) (variables 29-31).
These same six test variables showed similar potential to distinguish
between airsick susceptible and nonsusceptible students in the Squadron
VT1O study (3). It should be observed that, for the majority of the
remaining tests, relatively low numbers of students were included in the
two populations undergoing comparison. This arises from the fact that a
smaller proportion of the population were exposed to the Visual-Vestibular

Interaction Test (VVIT) (variables 32-41) and the State/Trait Anxiety
Index (variables 26-27) as may be deduced from the N values listed in
Table III for the different motion reactivity test scores.

Table VI provides a similar comparison between students with a high
(upper decile) weighted vomit index (variable 7) and students who never
reported ýromiting on their training flights. This latter group, repre-
senting approximately 71 percent (92 students) of the squadron population
(129 students) for which student-based weighted vomit index scores were
available, includes both those Table V students who were never airsick
and thus never vomitod, and those students who were occasionally airsick
but never reported vomiting. The upper decile, as derived from the
Figure C2-B distribution data, for the susceptible student group was
marked by a weighted vomit index score of approximately 7.1. As indi-
cated in Table VI, only those flight indices directly linked with air-
sickness, vomiting (by definition), and performance degradation served
to distinguish between the two populations. In contrast to the Table V
data, the airsickness medication usage index did not reflect any differences
between the two groups relaLive to taking medication to prevent airsickness.
In the case of the laboratory test scores, the only test elements found
to be significantly different for the two populations involved two of
the motion sickness case history scores and one element of the BVDT
battery. The motion sickness history score based upon student experiences
occurring after the age of 12 years (variable 24) served to distinguish
between the populations. Although the motion sickness history scores
based upon student experiences before the age of 12 years (variable 23)
were not significantly different, the sum of the two scores (variable
25) was significantly different. The single BVDT rating that proved of
value involved the score associated with the subjects' self-rating of
performance (variable 30).

In like manner, a Kruskal-Wallis one-way analysis of variance was
applied to two student groups distinguished by the amount of inflight
performance degradation experienced as a result of airsickness. As
indicated in the heading of Table 'II, the nonsusceptible student group
was defined by those students who itever reported the incidence of performance
degradation. This group represented approximately 69 percent of the
total population. The susceptible gruup was defined by those students
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Table VI

Results of a Kruskal-Wallis one-way analysis of variance comparison of students who never
reported vomiting during flight training with studants who reported a relatively high incidence
of vomiting. The non-vomit group, defined as those students with a weighted vomit index (vari-
able 7 from the student questionnaire data) equal to 0.0* represented approximately 71 percent
of the study population. The vomit group was defined as those students with a weighted vomit
index equal to or greater than 7.1 which marked the upper docile for this measure.

RESPONSE VARIABLE N NONVONIT VOMIT
NO. DESCRIPTION STATISTIC MEAN $.BEV. $SERR. N MEAN $.EV. SERR.

I S-AIRSICKNESS INDEX-UN 34.1l* 5.1 16.? 1.1 92 29.7 23.1 6.2 14
2 S-VOfl'TIG INDEX-UN 14. 31* .0 .6 .0 92 21.2 0.8 2.3 14
3 S-P.DLIRADATION INDEX-UN 24.25* 1.2 3.6 .3 92 12.2 19.3 5.2 14
4 S-NERAVUSNESS INDEX-Ug .66 34.1 36.4 3.2 92 35.9 36.3 P.? 24
5 S-MiDICATION INDEX-UV .40 .4 2.5 .3 92 .4 1.7 .4 14
6 S-AIRSICKNESS INDEX-U 35.29* 1.9 4.3 .4 92 13.6 12.? 3.1 24
7 S-VOMITING INDFr-W 124,32* .6 .6 .9 92 10.2 3.6 2.6 24
I S-P.DEGRADATIOh INDEX-W 24.16* .5 1.4 .1 P2 5.6 8.5 2.3 14
9 S-NERVOUSNESS INDEX-V .66 13.6 12.1 1.3 92 13.7 13.8 3.? 14

19 $-MEDICATION INDEX-W .49 .4 2.5 .3 92 .4 1.7 .4 14
11 I-AIRSICKNESS INDEX-UN 51.28* 1.1 2.6 .3 92 22.3 13.3 3.5 24
12 I-VOMITING INDEX-UN 86.01* .0 . .0 91 17.7 10.1 2.? 14
13 I-P.2EGRADATION INDEX-UW 39.620 .4 1.7 .2 91 11.4 13.? 3.7 14
14 I-NERVOUSNESS INDEX-UN .56 24.i 17.6 2.6 91 2?.2 15.6 4.2 14
15 I-TURBULENCE INDEX-UV 2.85 26.1 15.6 1.? 91 46.3 23.9 6.4 14
16 I-AIRSICKNESS INDEX-U 49.79* .5 1,2 .1 91 1o.? 5.1 2.2 14
1? I-VOMITING INDEX-U 86.00* .6 .6 .6 91 6.3 4.5 1.2 14
IS 1-P.DEGRABATION INDEX-N 36.130 . ..$ .1 91 4.5 6.5 1.? 14
19 I-NERVOUSNESS INDEX-N .31 to.d 8.5 .9 91 12.3 6.4 1.? 14
26 I-TURBULENCE INDEX-U 3.35 11.6 ?.3 .0 91 17.4 26.6 2.0 14
21 ACADEMIC GRADES-BASIC .46 51.l 4.6 .5 92 52.2 4.6 1.2 14
22 FLIGHT GRADES-BASIC .19 3.6 .6 .6 92 •.. .6 .6 14
23 TMSlO-MN HISTORY, PART 1 4.34 ?.# 16.6 1.1 C5 I 6 11.1 3.1 13
24 TMSQ2-MS HISTORYtPAR7 2 14.21* 4.6 S8. .7 0$ 17 2 16.9 4.7 13
25 TMSG3-MS HISTORY SUM 11.97* 11.6 15.4 1.7 65 29,2 24,6 6.8 13
26 TSANX-STATE/ANX.,UEST. .39 31.6 11.2 3.6 16 34.2 6.1 3.6 5
27 TTAHX-TRAIT7ANX.QUEST. 3.44 26.5 3.9 1,2 19 24.4 2.9 1.3 5
28 TBVDT-OVDT TIME OF DAY 1.15 16.1 1.9 .2 82 9.5 1.5 .4 13
29 TBYDR-BVDT RATER 3.97 12.6 5.2 .6 65 16.3 ?.9 2.2 13
30 TDVDS-SVDT SELF-RATING 8.97# 13.2 6.6 .7 85 19,4 6.4 1.9 13
31 TSVDP-BVDT POST-RATING 3.47 3.4 12.6 1.2 64 12.3 19.8 6.6 21
32 TVYVSPI-VVIT STATIC-RIGHT 5.72 116.1 7.8 2.6 15 125.9 2.9 1,3 5
33 TVVSP2-VVIT STATIC-URONG 4.16 8.1 6.6 1.? Is 2.6 3.3 1.5 5
34 TVVSP3-VVIT STATIC-OMiT 2.76 2.8 2.7 .7 25 .6 1.3 .6 5
35 TVVDPI-VVIT DYNAMIC-RICHT .27 69.2 32.5 8.4 15 60.6 36.8 13.9 5
36 TVYDP2-VVIT DYNAMIC-WRONG .69 12.2 5.8 1.5 15 9.8 ?.2 3.2 5
37 TVVDP3-VVIT DYNAMIC-OMIT .32 48.6 32.2 0.3 15 59.4 36.2 16.2 5
38 TYVIR-VYIT RATER 3.06 14.6 6.5 1.7 15 21.9 29.2 4.5 5
39 TYVIS-VYIT SELF-RATING 3.38 15.4 ?.5 1.9 15 21.6 5.1 2.3 5
46 TYYIP-VYIT POST-RATING 4.69 7.6 13.0 3.4 1j 15.4 9.7 4.4 5
41 TVVIT-VVIT T'ME OF DAY .12 10.9 2.4 .6 is 9.9 1.0 .4 5
42 ACADEMIC GRADES-ADVANCED 2.69 87.4 6.1 .7 77 96.5 5.6 1.7 21
43 FLIGHT GRADES-ADVA1CED 1.11 3.1 .1 .8 77 3.8 .1 . 11i

S a STUDENT RESPONSE DATA UN a UNWEIGHTED RESPONSE INDEX
I * INSTRUCTOR RESPONSE DATA V u WEIGHTED RESPONSE INDEX
0 w SIGHIFICAHT BEYOND THE .01 LEVEL
* w SIGNIFICANT BEYO1D THE OA,0 LEVEL.
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Tabl V11

Results of a Kruskal-Wallis one-way analysis of variance comparison of students who never
reported experiencing performance degradation due to airsickness with students who reported a
relatively high incidence of performance degradation. The non-affected group, defined as those
students with a weighted performance degradation index (variable 8 from the student question-
nalre data) equal to 0.0, represented approximately 69 percent of-the study population. The
affected group was defined as those students with a weighted performance degradation index equal
to or greater than 5.0 which marked the upper decile for this measure.

--------------------------------------------------------------------------------------------
RESPONSE VARIABLE H NO PER. DEGRADATION HIGH PER. DEGRADATION

NO, DESCRIPTION STATISTIC MEAN S, DEY. S. ERR. N MEAN S. DEV. S. ERR. N

I S-AIRSICKNESS INDEX-UW 17.79e 5,3 16.6 1,1 89 24.6 26.7 7.7 12
2 S-VOMITING INDEX-UW 32.34* 1.6 4.9 .5 89 11.2 9.2 2.4 12
3 S-P.DEGRADATION INDEX-UW 99.47* .9 .8 .0 89 19.7 19.8 5.4 12
4 S-NERVOUSNESS INDEX-UW 4.39 31 9 38 . 3.2 89 46. 8 24.8 7.2 12
5 S-MEDICATION INDEX-UW S.53 .6 3. 4 .4 89 3.6 ? .3 2. 1 12
6 S-AIRSICKNESS INDEX-U 22,36* 1.9 3. 7 .4 89 12.3 13. 2 3.0 12
7 S-VOMITING INDEX-U 33.72. .7 2.3 .2 89 5.3 4.1 1.2 12
S S-P.DEGRADATION INDEX-W 99,48* . 0 .8 89 9.9 ?7. 2.3 12
9 S-NERVOUSNESS INDEX-U 4.36 12.2 11.8 1.3 89 18.9 11.3 3.2 12

16 S-MEDICATION INDEX-W 8.53 .6 3.4 4 89 3.6 7.3 2.1 12
ti I-AIRSICKNESS IHDEX-UV 26.18* 2.9 6.9 .7 96 15.4 13.9 4.6 12
12 I-VOMITING IHDEX-UW 29.48* 1.5 5.8 .5 88 9.6 9.5 2.7 12
13 I-P.DEGRADATION IHDEX-Uhl 45.87* .8 3.2 .3 89 13.0 14.0 4.0 12
14 I-NERVOUSNESS INDEX-UU .59 25.5 17.6 1.9 88 39.9 19 1 5.5 12
15 I-TURBULENCE INDEX-UW 3.'3 29.2 16.5 1.9 89 40.5 19.9 1J.7 12
16 I-AIRSICKNESS IHDEX-U 29,36* 1.1 2.8 .3 Be 7.9 9.7 2.5 12
17 I-VOMITING INDEX-U 308 92* .6 2.2 .2 5.2 5. 2 1 .5 12
19 I-P DEGRADATION INDEX-U 48.27* .3 !. 1 .1 89 6.3 6.9 2.0 12
19 I-NERVOUSNESS INDEX-U .28 16.5 8 6 .9 88 11.5 9 1 2.3 12
29 I-TURBULENCE INDEX-U 3.27 12,4 7.7 .9 89 17.2 9.1 2.6 12
21 ACADEMIC GRADES-BASIC .66 52.1 4.7 .5 89 51.2 5.1 1.5 12
22 FLIGHT GRADES-BASIC 13 3.0 . .6 89 3. .0 .6 12
23 TMSQI-MS HISTORY-PART 1 4.23 7.4 10 7 1.2 81 13,5 11 1 3.9 2I
24 TMSQ2-MS HISTORYPART 2 1. 16 5.4 7. 4 .9 81 9. 6 13. 4 4. 2 If
25 TMS93-1IS HISTORY, SUM 3.67 2.,9 15.8 1.9 81 23.6 22.2 7 P 10
26 TSAHX-STATE/ANX.UEST. .16 3k. . 11. 5 3.5 11 33.6 9 .6 2
27 TTANX-TRAIT/ANX.QUEST. 3. 22 27.5 3. 9 1.2 11 22, . .6 2
28 TOVDT-BVDT TIME OF DAY .22 9.7 1.7 .2 79 10.3 2.4 .9 1e
29 TBVDR-BVDT RATER 7.470 13,1 6.4 .7 81 18.? 7.8 2.4 1I
38 T9VDS-BVDT SELF-RATING 9.120 13.9 6.6 7 81 21.2 6.1 1.8 II
31 TBVDP-BVDT POST-RATING 2.21 4.7 12.7 1.4 79 9.8 12.8 3.9 11:
32 TVVSPI-VVIT STATIC-RIGHT 3. 28 118.9 7. 7 1 .9 17 126.3 4. 6 2. 7 3
33 TIVYSP2-VVIT STATIC-WRONG 1 52 7. 1 6. 1 .6 17 2. 7 4. 6 2. 7 3
34 TVVSP3-VVIT STATIC-OMIT 3. 51 3.6 2. 6 .6 17 .9 .9 .6 3
33 TVVDPI-VYIT DYNAMIC-RIGHT .88 65. 8 29. 6 7. 2 17 66 .6 21. 9 12 7 3
36 TVVDP2-VVIT DYNAMIC-WRONG .41 11.4 6.0 1.5 17 13.3 4.8 2.3 3
3? T',VDP3-VVIT DYNAMIC-OMIT .07 51.8 29.7 7,2 17 49.7 24.8 14.3 3
38 TVVIR-VVIT RATER 55 15.5 6.4 1 .6 17 17.9 5.5 3. 2 3
39 T'VIS-VVIT SELF-RAT14G I .13 17.2 I .1 2.0 1? 22.0 6. 6 3. 8 3
49 TVVIP-YVIT POST-RATI,., 1.25 9.3 13.3 3.2 1? 11.7 9.5 4.9 3
41 TYVIT-VVIT TIME OF DAY 91 18.7 2.2 5 17 10.4 1 .2 ? 3
42 ACADEMIC GRADES-ADVANCED 74 97.6 6.3 7 75 95, 6 6. 5 2. 2 9
43 FLIGHT GRADES-ADVANCED 00 3. 1 .1 .9 75 3, 1 1 . 9

S - STUDENT RESPONSE DATA UV - UNWEIGHTED RESPONSE INDEX
I - INSTRUCTOR RESPONSE DATA U - WEIGHTED RESPONSE INDEX
* - SIGNIFICANT BEYOND THE .61 LEVEL
- -IGt4IFICANT BEY.ND THE .001 LEVEL
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with a weighted performance degradation index (variable 8) that equaled
or exceeded the upper decile score of approximately 5.0 as derived from
the Figure C3-B distribution data. Again, of the 20 flight indices,
significant differences between the two populations were found for only
those measures directly linked to airsickness. No differences were found
in the nervousness, medication usage, or flight turbulence indices. In
the case of the laboratory test scores, significant differences were
observed for only the rater and self-rating elements of the BVDT. As
with the two previous comparisons, neither the academic and flight
grades received during basic training nor the same grades received upon
graduation from this advanced squadron served to distinguish between the
two populations.

Table VIII presents a corresponding analysis based upon the weighted
nervousness index scores. The upper decile used to identif; the highly
nervous population was marked by a weighted nervousness index score
(variable 9) of approximately 32.4 as derived from the Figure C4-B
distribution data. The non-nervous group, i.e., the students who reported
they never experienced nervousness during flight training, included only
18 percent of the total population. As indicated by the lack of significance
symbols in Table VIII, the population comparison provided by this index
gives no insight whatsoever into potential differences between the
student groups other than that established by the two student-based
nervousness measures. It should be further observed that even though
the student nervousness index (variable 9) was used to define the nervous
and non-nervous populations, the instructor judgments of nervousness for
the same students (variables 14 and 19) did not significantly distinguish
between the two groups.

In Tables V through VIII, the classification criteria used to
define the susceptible and nonsusceptible populations were based upon
flight indices derived from the student judgments of their own experiences.
It should be recognized that the classification criteria could also be
derived from the instructor judgments of student flight performance.
This is demonstrated by Table IX which is identical to Table V, with the
exception that the airsick and nonairsick populations are defined by the
instructor-based weighted airsickness index (variable 16) instead of the
corresponding student-based index (variable 6), With this instructor-
based airsickness index, the highly susceptible (upper decile) population
was defined as those students who had a weighted airsickness index equal
to or greater than 6.7 as derived from the Figure Cl-D distribution
data. The low susceptibility group for the instructor-based population
subdivision (students judged by the instructors to have never experienced
airsickness during training in VT86-AJN) included approximately 62
percent of the squadron population. It should be noted that the nonairsick
student group defined by the students proper included only 44 percent of
the population, again reflecting the general underestimation of airsickness
by the instructors. As indicated by the flight index data of Table IX
and in conformance with the corresponding results tabulated in Table V,
significant differences between the two populations existed primarily for
only the flight indices directly related to airsickness. As indicated
by variables 15 and 20, however, the instructor judgments of turbulence
incidence and magnitude were slightly greater for the airsick subpopulation.
In the case of the laboratory test battery scores, significant differences
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Table VIII

Results of a Kruskal-Wallis one-way analysis of variance comparison of students who never
reported experiencing nervousness before or during a flight with students who reported a rela-
tively high incidence of nervousness. The non-nervous group, defined as those students with a
weighted nervousness index (variable 9 from the student questionnaire data) equal to 0.0, repre-
sented approximately 18 percent of the study population. The nervous group was defined as those
students with a weighted nervousness index equal to or greater than 32.0 which marked the upper
decile for this measure.

RESPONSE VARIABLE H NONNERVOUS NERVOUS
NO DESCRIPTION STATISTrIC MEAN 9.,DEY. S. ERR. N MEAN S.DEV, S. ERR. N

I S-A!PSICYNESS INDEX-UU 3.42 4. 1 7. 1 1 .5 23 18.9 39. 6 8.2 14
2 S-VOMITING INDEX-UU .25 3. 6 7.a 1 5 23 4.6 6 . 1 2.2 14
3 S-P DEGRADATION INLEX-UW 2.90 1.5 3.7 .8 23 8.6 19.7 5.3 14
4 S.-NE...-OU$'ESS INDEX-UW 33. 75# a .0 .9 23 92. 9 9. ? 2 6 14
5 S-MEDICATION IkDEX-UW 1.64 . .. . 23 .9 3.3 .9 14
6 S-AIRSICKNESS INDE,-W 3. 'J 1.9 3.2 ? 23 8. 1 13.8 3.7 14
7 S-VOMITING INDEX-W .54 1.4 2.7 .6 23 2.6 4.2 1. 1 14

S 8-P DEt.RADATION INDEX-U 2.63 .6 1.4 3 23 3.4 9.7 2. 3 14
9 S-NERVOUSNESS INDEX-U 33.510 .8 .9 .9 23 46.1 7,8 1.9 14

10 $-MEDICATION INDEX-W 1.64 .8 .0 .0 23 .9 3 3 .9 14
1 I-AIRSICKNESS INDEX-UU .66 4.3 9.9 2.1 22 6.9 13.7 3.7 14
12 I-VOMITING INDEX-UW .23 3.7 7.4 1. 6 22 4.8 8. 2 2. 2 14
13 I-P DEGRADATION INDEX-UW 2. 10 1. 3.4 7 22 5.2 13.3 3. 6 14
14 I-HERVOUSHESS INDEX-UW 4.98 17.9 13.5 2.9 22 33.3 25.5 6.9 14
15 I-TURBULENCE INDEX-UW .01 16.,1 14.1 3.9 22 29.4 26.6 7.1 14
16 I-AIRSICKNESS INDEX-U .96 1.7 3.5 .7 22 4.5 9.1 2.4 14
17 I-VOMITING INDEX-W .73 1.5 2.8 .6 22 3.5 5.6 1.5 14
18 I-PDEGRADATION INDEX-U 1.96 .4 1.5 .3 22 2.5 6.6 1.9 14
19 I. NERVOUSNESS INDEX-W 4 91 6.9 5.4 1.1 22 15.2 12.5 3.3 14
20 I-TURBULENCE INDEX-' .08 11, 7. 1 1 .5 22 12. 7 12. 2 3.2 14
21 ACADEMIC GRADES-BAE.C 2.86 51.6 5.2 1.1 23 49.3 3.3 .9 14
22 FLIGHT GRADES-BASIC. 2 96 3.6.9 . 0 23 3.0 .8 .0 14
23 TMSQ-IMS HISTORY.PART I .84 5.2 6. 6 1 .5 20 5.7 6. 4 1.8 13
ý4 TMS02-MS HISTORYIPART 2 .81 7.3 8.8 2.0 29 6.6 ?70 1.9 13
25 TMSQ3-MS HIsTORY SUM .93 12.5 14. 4 3.2 29 12.3 1 .6 3.2 13
26 TSAN9..S TATE/ANX. QUEST. .54 34.7 13.8 6.9 4 30.8 22.1 5.8 5
2? 71ANY-41RAI'I/AMHX,DUIFS1. 2. 99 29. ? 2. 9 2. 4 4 26. 0 3. 3 1, b

I P 4 J "!t B V I-l I I ll'I" Mý C l •! A 9,1A I .it , 9. 9 ? 13
23 klV l - v •l iAfrk 3 4 1 .1.0 5 .4 7. ,0 .. 4 1 1.2 ".

N a 18v l$-B 8I10 6 i-I AIW Ia 14.4 12 12.6 20 24.2 k. 2.i 13
32 1"I v JiP"-ýYVI111 "C'I t -k I Iiif.; 2 3 ? b. I I m "2.9 21 0 . 6.' 1. 8 23
3? "VVY 1-VyjI S 5I iI IC-k Iu.HI .2 23 11!0. 6. b 4.3 4 123.b 3. 2 .4 b
3 ' iVVs ?2-V i I SIAII C:-W kONC, 2 ?3 8a. 4.9 ?, S 4 4.2 P . 4 1. I t.
34 1V YSP -VVj'I ) 1A1'FI(:-IMI I 0. ' 1. 0 3,- 1 . b 4 1 . 2 2 7 2.2 ,
.41. 1yVIIH V-VYI I 1IYN AMIC- R 1 HI .24 57" .V 2s.4 12." 4 6 S.8 34. 6 15.t
36 1VVYY -'2-VVY I 1YNAMIC-Wk(NG 9? 1 .2 0t. 1 .to 4 ?.4 b . 2.9
34? 1VVP3-VVYI liYN AMI C -OM (4 1?4 5I ? 2k4. .4 12.6 4 b? 14 16,6 6
38 IVVIN-VVI1 Rk1 k R54 12 " I , I .. 4 16.9 '.2 3.2 b
39 IVVIS-VVIJ SFL.-kfAIING .02 29 5 8.6 4 .3 4 ?9.8 7.9 3.5 5
48 1VY'I P-VVI I POI-fR AI mG .54 11. 1.L4 89 5 4 12.8 1b.7 e ., 5
41 *IVVIT-VVII TIMF OF DAY 1.83 11.4 P.? 1 . 4 9.4 .9 .4 5
4? ACADEMIC GkAt*S-AI'YANCkIi .01 9?.9 ti.9 2. 3 ?a 8?'e. 6 5. 1.? 9
43 FLIGHI GRAIiES-AIIVANCEDI 2.28 3.1 .2 .0 28 3.9 .1 .0 9

S S UI'Et ' RE:3PPtONS; I1 IA UW UNW IGHIFlJ RE;PO'NSE ]NIi':X
I - IN .I : 'i W,: ' , jIJ L U t , h- kt4 ,IbIM .3E I.Mii-X
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Table IX

Results of a Kruskal-Wallis one-way analysis of variance comparison of students identified by
the flight instructors as never being airsick witn students identified by the instructors as
having a relatively high incidence of airsickness (see Table V for an equivalent comparison

based upon student judgments). The non-airsick group, defined as those students with a weighted

airsickness index (variable 16 from the instructor questionnaire data) equal to 0.0, represented

approximately 61 percent of the total study population. The airsick group was defined as those

students with a weighted airsickness index equal to or greater than 6.7 which marked the upper

decile for this measure.

RESPONSE VARIABLE N 14OI4AI RS I C.K AIRSICK

NO. DESCRIPTIO14 STATISTIC MEAN S. DEY. S. ERR. 1 MEAN S. DEV. S. ERR. N

----------------------------------------------------------------- ------- -----------------

1 S-AIRSICKNESS INDEX-UW 31,62* 4. 1 10.4 1.2 79 33. 7 25.5 7.? I1

2 S-VOMITING INDEX-UW 74.55* .4 2.3 .3 79 21 9 18.3 3.1 11

3 S-P.DEGRADATIOH INDEX-UW 18.51* 1.1 2.9 .3 79 14.8 22.8 6.6 11

4 S-NERVOUSHESS INDEX-UW 1.39 32.9 38.5 3.4 79 44.4 34.5 10.4 11

5 S-MEDICATION INDEX-UW .29 .8 3.9 .4 79 1.? 5.8 1.7 11

6 S-AIRSICKNESS INDEX-U 30.84* 1.5 3.6 .4 79 14.4 13.5 4.1 11

7 S-VOMITING INDEX-W 74. 20* .2 1.1 1 79 9. 5 4.? 1.4 11

8 S-PDERADATIOH INDEX-U 18,65* .4 1.2 1 79 5.8 9.? 2.9 11

9 S-NER.JUSHE5S INDEX-W 1. 3 12.6 12.8 1 4 ?9 16.4 13 3 4.8 11

10 S-MEDICATION INDEX-W .29 .8 3.9 .4 79 1.7 5.8 1.? 11

11 I-AIRSICKNESS INDEX-UW 88.56* .8 .8 .8 79 29.1 9.1 2.? it

12 I-VOMITING INDEX-UW 88.51* .8 . .8 79 21, 8 7. 2. 1 11

13 I-P.DEGRADATION INDEX-UW 62. 18* 8 .8 .0 79 15.2 14.9 4.5 1

14 I-NERVOUSNESS INDEX-UW 3.22 24.4 18.1 2.0 79 33.6 15.9 4.8 11

15 I-TURBULENCE INDEX-UW 10.110 28.1 16.8 1.9 79 50.6 21.1 6.4 1i

16 I-AIRSICKNESS INDEX-W 86.58* .8 .8 .8 79 13.7 7.6 2.1 11

17 I-VOMITING INDEX-W 88.58* .6 .8 .8 79 9.9 4. 1 1.2 1I

1 I-P.DEGRADATION INDEX-U 62. I6* .6 . .8 79 6.3 ? 4 2.2 11

19 I-NERVOUSNESS INDEX-U 2.94 18t6 8.8 1.8 79 13.5 7.4 2.2 11

28 I-TURBULENCE INDEX-U 9.42# 11.9 7.8 .9 79 22.6 9.8 2.9 11

21 ACADEMIC GRADES-BASIC .14 51.1 4.4 .5 79 51.8 4.6 1.4 11

22 FLIGHT GRADES-BASIC: .81 3.8 .8 .6 79 3.0 .6 ,8 11

'3 TMSQI-Mi HISTORYtPART 1 3.32 6.6 9.4 1.1 75 15.7 14.8 4.9 9

24 TMSQ2-MS HISTORY:PART 2 14.96* 4.6 6.? .9 75 21.3 16.6 6,2 9

25 TMS03-MS HISTORY SUM 18.42# 11.2 14.2 1.6 75 37.8 29.3 9.4 9

26 TSANX-STATE./ANX.QUEST .15 32.4 11.6 3.9 9 34.5 9.3 4.? 4

27 TTANX-TRAIT/ANX.QUEST 1. 97 28.2 4. 1.3 9 25. 8 2. 9 1.5 4

28 TOVDT.-SVDT TIME OF DAY 1.22 Is9. 1,9 .2 '3 9.4 1.5 .5 18

29 TBVDR-BYDT RATER 1. 32 12, ? 6.8 .a 75 14. 5 6.8 2. 2 16

38 TBVDS-BVDT SELF-RATING 5.68 13.3 6.6 .7 75 18.7 7. I 2.2 1

31 TBVDP-8VT'T POST-RATING 4.48 3.8 9.9 1.1 74 13.9 280. ?.3 8

32 TVVSPI-VVIT STATIC-RIGHT 5. 33 118. 1 8. 1 2. 2 14 1l 8 2. 9 1. 3 5

33 TVVSP2-VVYIT STATIC-WRONG 4.11 8.3 6.8 I 8 14 9.6 3.3 1.5 5

34 TVVSP3-VVIT STATIC-OMIT 2.33 2.6 2.6 .? 14 .6 1. 3 .6 5

35 TYVDPI-VVIT DYNAMIC-RIGHT .62 68.9 33.7 9.8 14 53.8 25.7 11.5 5

36 TVVDP2-VVIT DYNAMIC-WRONG 1.81 11.8 5.8 1.6 14 7.4 5.7 2.5 5

37 TVVDP3-VVIT DYNAMIC-OMIT 1.64 48,4 33.4 9.9 14 67.8 29.2 13.1 5

38 TVVIR-VVIT RATER 5.16 15.6 6.6 1. 8 14 24.1 8. 6 3. 8 5

39 TVVIS-VVIT SELF-RATING 3.99 15.9 7. 5 2. 8 14 24. 2 4. 1 1. 9 5

48 TVVIP-VVIT POST-RATING 2.22 8.1 13.3 3 6 14 12.8 11 5 5. 1 5

41 TVVIT-VVIT TIME OF DAY .17 18.5 2. 1 .6 14 18. 3 1.8 a 5 5

42 ACADEMIC GRADES-ADVANCED 4.17 97.1 6.2 .9 66 91.2 9.3 3.8 6

43 FLIGHT GRADES-AD)ANCED 1. 47 3.1 .1 .8 66 3.8 .1 , 6

S - STUDENT RESPONSE DATA UW - UNWEIGHTED RESPONSE INDEX

I = INSTRUCTOR RESPONSE DATA U - WEIGHTED RESPONSE INDEX

# z SIGNIFICANT BEYOND THE .81 LEVEL

-* SIGNIFICANT BEYOND THE .881 LEVEL
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between the populations were found only for two elements (variables 24
and 25) of the motion sickness case history. The capability of the
three BVDT scores to distinguish (p < .01) between the pcpulations
based upon the student judgments of Table V was not realized with the
corresponding instructor judgments. This is in contrast to the findings
reported (3) for Squadron VT1O where the instructor-based data actually
improved the statistical confidence in differences between the airsick
and nonairsick populations established by a variety of the laboratory
test scores. However, the VT86-AJN data of Table IX do have significant
differences at the .05 level for two of the BVDT scores (variables 30 and
31) and two of the WIT rating scores (variables 38 and 39).

FLIGHT AND LABORATORY DATA CORRELATIONS

To gain some insight into the relationships that may exist among
the response variables during this particular phase of NFO training, the
flight and laboratory datq were examined, using a Spearman rank correla-
tion analysis corrected for tied scores. The results of this analysis
are presented in matrix form in Table X with the total number of data
pairs associated with a given correlation coefficient within this matrix
tabulated in similar form in Table XI. Table X also lists tixe unity
value correlation of a variable with itself so as to establish the total
number of observations available for analysis. To establish the statistical
significance of the rank correlation coefficients, a t statistic was
calculated for each relationzlip and a standard two-tailed student t-
test table evaluation performed. Those correlations which the t-test
evaluation identified as being statistically significant at the .01 and
.001 levels or greater are identified accordingly in Table X. To facili-
tate the general interpretation of the relative strength of relationship
described by the magnitude of the correlations, the definitions of
Guilford (ref. I, p. 145) as described below will be arbitrarily adopted
for discussion:

Less than .20 Slight; almost negligible relationship
.20-.40 Low correlation; definite but small relation-

ship
.40-.70 Moderate correlation; substantial relation-

ship
.70-.90 High correlations; marked relationship
.90-1.00 Very high correlations; very dependable

relationship.

In the discussion that follows, reference will be made to only those
rank correlation coefficients that are statistically significant to the
.01 or better level.

As with the Squadron VT10 data, the Table X rank correlation coeffi-
cients for the 20 Squadron VT86-AJN flight indices show a considerable
number of significant intercorrelations as would be expected. For
example, very high correlations exist between the unweighted and weighted
indices for the student- based questionnaire data. The same applies
within the corresponding instructor-based flight indices. Considering
the three response variables that are, by definition, directly linked to
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Correlat_
adj uste4ý

RESPONSE VARIABLE
NO. DESCRIPTION 1 2 3 4 5 6 7 8

I S-AIRSICKNESS INDEX-UV 1.86*
2 S-VOMITING INDEX-UU 66?*1. 9
3 S-P.DEGRADATION INDEX-UW .54* .35*1.S6
4 S-NERYOUSNESS IHDEX-UU .88 .81 .15 1.86
5 S-MEDICATION INDEX-UW .29* .24# . 1 .18 1.8
6 S-AIRSICKNESS INDEX-W .99A .69* .59* .18 .29*1.86
7 S-VOMITING INDEX-U .66* .99* .56* .83 .230 .69*1.68
8 S-P.DEGRADATION INDl'X-U .54* .55* .99* 16 21 .6* .56*1.88
9 S-NERVOUSNESS INDEX-.V .9 .83 .15 99 12 11 .84 .16 1.90

IS S-MEDICATION INDEX-U .29* .24. 1 1.898 290 .231 .21 1 1.
11 I-AIRSICKNESS IHDEX-U' .71* .88* .51* 87 .09 .?2* .8* .%1 *8 .7
12 I-VOWITING INDEX-UU .63* 92* .54*-, 82 17 .65* 91s .54*-. 81
13 I-P.DEGRADATION INDEX-UW .53* 66* .55* 89 22 57, 65* .57* .18
14 I-NERVOUSNESS INDEX-UV -.18 .87 -.84 .36* .83 -.10 . -.e2 .36* .
15 I-TURBULENCE INDEX-UW .28 .23# .1? .18 .1? .20 .240 .1? .15
16 I-AIRSICKNESS INDEX-W .72* .81* .550 .89 .11 .?4* .81* .55* .89
I? I-VOMITING INDEX-U .63* .91* .56* .88 .19 .65* .92* .56* .82
; :. P.DEGRADATION INDEX-U .53* .65* .56* .89 .22 .37* .64* .590 .11

19 I-NERVOUSNESS INDEX-V -. 89 .85 -. 84 .37* .1 -. 09 .6 -. 83 .37* .
28 I-TURBULENCE INDEX-U .28 .250 19 .16 .18 .19 .250 17 13
21 ACADEMIC GRADES-BASIC .81 -. 83 -. 03 -. 16 -. 86 -.88 -. 03 -. 02 -. 17
22 FLIGHT GRADES-BASIC: -. 85 -.05 -. e6 -. 15 .60 -. 06 -. 85 -. 96 -. 19
23 TMSI-MS HISTORY, PART 1 .31* .28# .16 -.81 .23 .31* .281 .17 -. 68 .9
24 THSQ2-NS HISTORY PART 2 .37* .3?* .13 -. 85 .15 .36* .3?* 14 -. 85
25 TMS03-MS HISTORY: SUM 48* .37* . 16 -. 82 25# . 46* .38* . 17 -. 82 .2
26 TSANX-STATE/ANX.QUES'7. .34 .17 .17 -. 24 .88 .42 .14 .17 -. 899
27 TTANX-TRAIT/ANX.QUEST. -.99 -.45 -. 23 -. 51 .68 -. 19 -.45 -.23 -. 41
28 TBVDT-BVDT TIME OF DAY .82 -. 1? .13 .68 -. 09 .82 -. 16 .14 .81 -
29 TBYDR-BYDT RATER .36* .31* .22 .88 .21 .39* .390 .24 .11
38 TBYDS-BYDT SELF-RATING .40* .3?* .241-,18 .23 .41 .38* .241-099
31 TBVDP-BYDT POST-RATiNG .35* .31* .16 -. 10 .19 .36* .31* .15 -.09
32 TVVSPI-VVIT STATIC-RiGHT .31 .56# .46 .35 .34 .33 .584 .46 .32 :
33 TVYSP2-YVIT STATIC-MRONG -. 35 -. 49 -. 25 -.38 -.29 -. 39 -. 49 -.25 -.38 -9
34 TVVSP3-VVIT STATIC-OMIT -. 98 -. 3? -. 530-. 26 -. 19 -.96 -. 38 -.53-. 22 -•
35 TVVDPI-YVIT DYNAMIC:-RIGHT -. 32 -. 16 -. 81 .20 -.66 -. 2 -. 14 -.i1 .16 -.
36 TVYDP2-YVIT DYNt" IC-WRONG -. 39 -.30 -. 1 -. 32 -. 1 -. 33 -. 32 - 26 -. 36 -•
3? TVYDP3-VVIT DY. ,•. iC-OCIIT .33 .19 -.84 -. 15 .06 .31 .17 -. 64 -. 12
38 TVVIR-VVIT RATER .36 .38 .17 .86 .?6 .35 .36 .17 .1 -
39 TVVIS-YVIT SELF-RATING .47 .47 .28 .83 .2? 49 .46 .2 . 99
48 TVVIP-VVIT POST-RATING .47 .43 .22 .15 --.86 .52 .41 .22 .28 -0
41 TVVIT-VVIT TIME OF DAY .21 -.88 -.82 -.47 .16 .19 -. 11 -.82 -. 48 ,
42 ACADEMIC GRADES-ADVANCED .15 .18 .82 -.09 -.28 .13 .16 .81 -. 89-
43 FLIGHT GRADES-ADVY NCED -. 13 -. 12 .81 -. 21 .85 .- 14 -. 14 -. 136 -. 22

S a STUDENT RESPONSE DATA UU = UNfEIGHTED RESPONSE INDEX
I = INSTRUCTOR RESPONSE DATA V " WEIGHTED RESPONSE INDEX
I = SIGNIFICANT BEYOND THE .91 LEVEL

a SIGNIFICANT BEYOND THE .881 LEVEL



Table X

Correlation wat,.ix for the Squadron VT86-AJN flight and laboratory data based upon the Spearman rank corre1i
adJ,,sted for tied ranks.

RESPONSE VARIAOLE
9 18 11 12 1,? 14 is 16 17 18 19 20 21 22 23 24 25 26

.12 1.10
".67? .69 1.0O

1- 01 .17 .82,1 . et
is4 22 ?7l* .6et* .9B
.364 . 3 9? .11 .94 1.99

15 1? .21 240 . 14 -*1 .. 0
".89 9 11 98t .840 73* .? 22 1 .8
".82 19 81* 99* 69* 12 250 .84*1.08

" 111 .22 .710 .V01.900 .64 .14 .73* .69*1.89
.37* .81 .0? 10 .4 9?* .3?* .88 11 04 1 .00

1'3 . .8 22 241 12 39* .950 22 250 12 364>86
1?- 06 -. 92 .01 91- 28 - 9? 01 .02 682- 19 -. S?1.
19 .80 .82 - 7? 06 -. 10 .03 .0o- 06 .86 -. 13 .83 49*1. 88

*.00 .23 .22 24 19 .82 .S3 23 23 18 82 85 12 .1 1. 88
-. 05 .15 .320 .37* .18 -. 05 .84 .34* .37* .18 -.02 .67 13 A1? .58*1.0

0.2 .259 .31* .35* .250-.1 .03 .34* .34* .246 .08 -06 .13 .17 .89* .81*1.88
I-.C9 .68 11 15 23 -.86 -. 83 .8 .18 .23 -.83 -.14 19 -1 .26 63# 51 1. O
-. 41 e9 -. 35 34 -. 56 -. 66#-.34 -. 35 -40 -. 56 -. 69#-39 .47 13 20 27 22 21
.81 -. 09 -. 12 -. 15 -. 68 -. 06 -. 14 -. 09 -. 15 -.06 -.83 - 15 86 -. 85 -.83 -. 29#- 16 11
.11 .21 .250 .'50 .23 -.82 .03 266 .251 .24 -00 .03 -. 8 -. 11 .28 .250 .260 .50

-6-.09 .23 .38• .32* .33*-.87 .89 .31* .33* .33*-.94 10 .87 -.01 .39* .39* .40* *?2*
-. 09 .19 .270 .23 .19 -. 14 -. 81 .260 .21 .18 -. 14 -. 01 .12 .89 .39* .36* .46* .50

.32 .34 .45 .43 .39 .09 .78 .46 .44 .39 .84 .48 -. 14 .03 .23 .06 .22 -. 26

-. 38 -. 29 -. 42 -. 3? - 29 -. 09 -. 21 -. 41 -. 39 -. 29 -. 05 -. 23 25 .89 -1? -. 11 -. 22 .11
60-.22 -. 19 -. 24 -. 31 -. 35 .08 -. 33 27 -. 30 -. 35 .01 -. 36 11 -. 24 -. 23 .84 - 14 .21

.16 -. 86 -. 13 -. 72 .09 .02 -.07 17 -. 17 .09 .04 . ,86 27 -.89 -. 21 -. 47 -. 29 -. 52
-. 36 -. 18 -. 18 -. 42 .1 -. 33 -. 46 27 -. 39 .81 -. 32 -. 4? 18 .19 -. 37 - 566- -.1t
.12 86 It .27 -. 14 .08 .15 22 .23 -. 14 .4 .83 38 .08 -.04 18 .04 .22
.19 .26 .28 44 .88 -. 00 .21 31 .41 .08 -. 0? 17 29 14 520 65* 65* 22

09 27 .39 52 38 .66 .38 41 51 38 87 29 24 31 20 590 47 42
.20 -. 06 .34 .32 .30 .06 .26 .34 .33 .30 .84 18 23 19 37 540 526 27

4e 16 .,9 aI - 06 -. 31 -. 9? .05 .1 - .86 - .31 -. 15 22 .29 -. !6 t11 -.83 -608'

C..i -. 20 .15 28 83 -. 14 .11 12 108 .81 - I1 087 15 .83 -.84 10 63 .20
-. 221 .5 -. 18 -. 12- 11 .19 -. 15 19 t,4- .11 - 23 16 24 .308 .69 .09 .?- 13

----------------------------------------------------------------------------------------

U' . . ..... " ."]: '',]•.



correlation coefficient

26 27 28 29 30 31 32 33 34 35 36 37 38 39 49 41 42 43

21 1.88
it -.82 1.08
50 96 -.10 1.08
7?2* 04 -.13 .57*1. 0
50 26 -.S2 .42* 54*1.66
26 -.23 -. 22 .8 .5 .1 1.80
iA .24 .23 -. 15 -. 19 -. 22 -.8?71.80
21 .85 .15 .14 .15 .14 -.581 .18 1.80
52 -.42 -.45 -. 520-42 -. 570 .33 -. 27 -. 32 1.88
ItI -. 16 .21 -. 31 -. 19 -.05 -.40 .43 .13 .08 1.60

,22 .22 .2? .23 .26 .29 -. 34 27 .49 -71 .65 1.00
22 11 35 .40# 32 49 .23 -.29 - .2 -. 41 -.3? .65 1 49

.86 14 .27 66* 42 .29 28 -.88 26 -. 45 .08 .6081.8
-. 25 49 .30 570 48 .84 -. 19 .1 -. 28 -. 23 t1 .65* .73*1.88

t : .89 .70. .20 .17 .30 -. 33 .25 .32 -.29 .41 .27 .18 .84 .27 1.80
S60 -.06 .6? -.00 -. 8 -.04 -.098 .25 -.32 .83 -.60 .13 .11 .8 .1 1".8

13 .7 - 14 -. 82 -. 60 .15 .45 -.29 -. 38 .21 -.29 -. 32 -.8? -. 24 - .31 -936 .83 1.88
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Matrix

RESPONSE VARIABLE
NO. DESCRIPTION I 2 3 4 5 6 7 8 9

I S-AIRSICKNESS INDrN-UV 129
2 S-VONITIt4G INDEX-UW 129 129
3 S-P.DESRADTdiN INDEX-UW 129 129 129
4 S-NERYOUSNESS INDEX-UW 129 129 129 129
5 S-MEDIEATION INDEX-UW 129 129 129 129 129
6 S-AIRSICwNESS INDEX-W 129 129 129 129 129 129
7 S-VOMITING INDEX-U 129 129 129 129 129 129 129
8 S-P.DEGRADATION INDEX-U, 129 129 129 129 129 129 129 129
9 S-HERVOUSHESS INDEX-W 129 129 129 129 129 129 129 129 129

10 S-MEDICATION INDEX-W 129 129 129 129 129 129 129 129 129 1.
11 I-AIRSICKNESS INDEX-UWI 129 128 129 128 128 128 128 129 129 1
12 I-VOMITIHG INDEX-UW 128 129 129 129 129 128 128 128 128 1
13 I-P.DEGRADATION INDEX-UW 128 128 128 129 128 128 128 128 128 1
14 I-NERVOUSNESS INDEX-U1 128 129 129 129 129 129 129 129 129 1
15 I-TURBULENCE INDEX-UU 129 128 128 128 129 128 128 128 129 1
16 I-AIRSICKNESS INDEX-U 129 129 129 128 129 128 129 128 128 1
17 I-VONITING INDEX-W 128 129 128 128 129 128 128 128 128 1
18 I-P.DEGRADATION INDEX-U 128 128 129 129 129 128 129 129 129 1
19 I-NERVOUSNESS INDEX-W 128 129 128 128 128 128 128 129 129 1
26 I-TURBULENCE INDEX-U 128 129 129 128 129 128 129 129 128 1
21 ACADEMIC GRADES-BASIC 129 129 129 129 129 129 129 129 129 1
22 FLIGHT GRADES-BASIC 129 129 129 129 129 129 129 129 129 1
23 TISQI-MS HISTORY- PART 1 11? 11? 11 11it? 1? it? 11? 11 11i? 1
24 TMS2-MS HISTORYPART 2 117 11? 117 117 -117 117 11? 117 11? t
25 THSQ3-MS HISTORYa SUM 117 11? 11? 11? 11? 11? 117 117 !17 1
26 TSANX-STATEfANX.QUEST. 16 16 16 16 16 16 16 16 16 1
2? TTANX-TRAIT/A•NX.QUEST, 16 16 16 16 16 16 16 16 16 ,
28 T8YDT-6YDT TIME OF DAY 115 115 115 115 115 115 115 115 115 I
29 TBVDR-9VDT RATER 118 118 118 118 118 118 118 118 118 1
3 TVYDS-BVYDT SELF-RATING 118 118 118 118 118 118 118 118 118 |'
31 TBVDP-BVDT POST-RATING 114 114 114 114 114 114 114 114 114 It
32 TVVSPI-VVIT SDTATIC-RIGHT 23 23 23 23 23 23 23 23 23

33 TVVSP2-VVIT STATIC-WRONG 23 23 23 23 23 23 23 23 23

34 TYVSP3-VVIT STATIC-OMIT 23 23 23 23 23 23 23 23 23 I35 TYVDP1-YVIT DYNAMIC-RIGHT 23 23 23 23 23 23 23 23 23
36 TYVDP2-YVIT DYNAMIC-WRONG 23 23 23 23 23 23 23 23 23
3? TVVDP3-VVIT DYNAMIC-OMIT 23 23 23 23 23 23 23 23 23
38 TYVIR-VYIT RATER 23 23 23 23 23 23 23 23 23
39 TVYIS-VYIT SELF-RATING 23 23 23 23 23 23 23 23 23
46 TYVIP-VYIT POST-RATXHG 23 23 23 23 23 23 23 23 23
41 TVYIT-VYIT TIME OF DAY 23 23 23 23 23 23 23 23 23
42 ACADEMIC GRADES-ADVANCED Io? 18? 187 1I? 18? 1o? 18? 16? 16? 1i
43 FLIGHT GRADES-ADVANCED 187 18? 1s? 187 1t?718? 18? 18? 1? 10
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Table XI

indicating the number of data-pairs used in the calculation of the Table X Spearman rank' correlation coef

------------------------------------------------ --------------------
RESPONSE YARIABLE

10 it 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 2?

]

128 121

128 129 129
128 128 128 128
128 128 129 129 129
128 128 128 128 128 128
128 128 129 129 129 129 129
128 129 128 129 128 129 128 128
129 129 129 128 128 129 128 128 129
128 129 128 129 128 128 129 128 128 1 29

129 128 128 129 129 128 128 128 128 128 128 134
29 128 128 128 129 128 129 128 28 12 8 128 134 134

11? 117 11? ti? 117 117 I? 117 117 11? 117 122 122 122
11? 11I? It? 117 117 11? 117 11? 117 117 117 122 !22 122 122
11 1t? II? 11? 117 11? 117 11? 117 I1? 117 122 122 122 122 122

16 16 16 16 16 16 16 16 16 16 16 18 18 18 19 18 18
16 16 16 16 16 16 16 16 16 16 16 18 18 18 18 18 19 18

215 115 115 115 1i5 115 115 115 115 115 115 120 120 119 119 119 19 19
118 119 119 118 I18 118 118 118 118 118 118 123 123 122 122 122 18 18
I18 118 118 I18 118 118 118 118 119 119 118 123 123 122 122 122 18 1t
114 114 114 114 114 114 114 114 114 114 114 11 lie 11? 117 11? 1? 1?

23 23 23 23 23 23 23 23 23 23 23 25 25 25 25 25 18 18
23 23 23 23 23 23 23 23 23 23 23 25 25 25 25 25 18 18
23 23 23 23 23 23 23 23 23 23 23 25 25 25 25 25 18 1s
23 23 23 23 23 23 23 23 23 23 23 25 25 25 25 25 1i 18
23 23 23 23 23 23 23 23 23 23 23 25 25 25 25 25 18 18
23 23 23 23 23 23 23 23 23 23 23 25 25 25 25 25 1i 18
23 23 23 23 23 23 23 23 23 23 23 25 25 25 25 25 18 18
23 23 23 23 23 23 23 23 23 23 23 25 25 25 25 25 19 19
23 23 23 23 23 23 23 23 23 23 23 25 25 25 25 25 18 18
23 23 23 23 23 23 23 23 23 23 23 25 25 25 25 25 18 1i

18? 19? 1? IS? 187 18? 107 18 1 1 1? 189 189 99 99 99 12 12
18? 1W? 187 1t7 197 187 187 187 18? 187 18? 109 169 99 99 99 12 12

------------------------------------------------------------------------



_tion coefficients.

"6 2? 28 29 36 31 32 33 34 35 36 37 38 39 48 41 42 43

to 126
I1 120 123
o1 126 123 123

17 ?115 118 118 Is
Is 25 2s 25 22 25
19 25 25 25 22 25 25
I8 25 25 25 22 25 25 25
16 25 25 25 22 25 25 25 25
10 25 25 25 22 25 25 25 25 25
18 25 25 25 22 25 25 25 25 25 25
10 25 25 25 22 25 25 25 25 25 25 25
is 25 25 25 22 25 25 25 25 25 25 25 25
10 25 25 25 22 25 25 25 25 25 25 25 25 25
18 25 25 25 22 25 25 25 25 25 25 25 25 25 25
12 96 99 99 96 17 17 17 1? 17 17 17 17 1? 1? 189
12 96 99 99 96 1? 1? 1? 17 1? 17 17 1? 17 17 189 199
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motion sickness, i.e., airsickness, vomiting, and performance degradation
due to airsickness, it can be observed in Table X that the correlations
between the corresponding student and instructor indices are in the
moderate to high ranges. Of these three variables, the student/instructor
correl&tions for corresponding indices are lowest for the performance
degradation measure; the highest correlations exist between the student/
instructor vomit indices which would be expected for this overt symptom.
There was also a substantial relationship between the students' judgment of
the severity of their airsickness experiences (variable 6) and the number of
times they vomited (variable 7) as marked by a positive correlation of
.69. The instructor judgments of airsickness severity (variable 16) and
the number of times vomiting occurred (variable 17) were even mote
tightly linked, having a correlation of .84. The extent of the inflight
performance degradation caused by airsickness was also moderately corre-
'ated with airsickness severity for both the student and instructor
ratings. These findings in Squadron VT86-AJN agree with those previously
reported (3) for Squadron VTIO.

The weighted nervousness indices (variables 9 and 19) had no signifi-
cant correlations with any of the airsickness-related flight indices
other than their unweighted counterparts. Furthermore, the correlations
between the student and instructor judgments of nervousness were in the
low range. Significant but low correlations also existed between the
medication usage index and the student-based unweighted and weighted
airsickness and vomit measures. A significant relationship between this
medication index and the corresponding instructor-based airsickness and
vomiting measures was not present. For the turbulence measure, small
correlations existed between both the student and instructor vomit
indices and the instructor ratings of nervousness.

The Table X correlation matrix can also be used to determine relation-
ships that existed between the flight data (variables 1 through 20) and
the laboratory test scores (variables 23 through 41). Although full
evaluation of the relative merit of each test as a predictive measure of
airsickness susceptibility must await completion of the entire data
collection phase of the longitudinal study, a few points will be discussed
for this advanced training squadron. First, all three of the motion
sickness history test scores and all three of the BVD Test scores have
low but significant correlations with the unweighted and weighted student-
based measures of airsickness and vomiting. Only two of the motion
sickness test scores (variables 24 and 25) have significant correlations
Q < .01) with the instructor-based measures of airsickness and vomiting.
In the case of the BVDT, all three scores were correlated with the
instructor ratings of airsickness. In addition, two of the BVDT scores
(variables 29 and 30) were also correlated with the instructor-based
vomit indices. The element of the BVDT showing the greatest number of
correlations with the student and instructor flight indices was the
self-rating score (variable 30).

As may be deduced from Table XI, the number of students given the
WIT (variables 32-41) represented a relatively small segment of the
squadron population. However, two elements of the static performance
WIT (see Appendix B for details) did show moderate correlations with
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several of the student-based flight indices. Specifically, the WIT
score associated with the correct number of responses (variable 32) was
cot-related in the positive direction with the student-based measures of
vomiting; the score associated with the number of responses omitted by
the subject (variable 34) was correlated in the negative direction with
the student-based measures of inflight performance degradation. The
direction of these correlations is not, however, what would be expected
from either of the two tests. That is, for the correct response item, a
high score indicates good performance while for the omitted item, a high
score denotes poor performance. This inconsistency was not present in
the previously reported VT10 data.

Table X also indicates a moderate negative correlation between
student performance on the trait anxiety index (variable 27) and the
instructor ratings of nervousness. This correlation is not in the direction
that would be predicted for this test. In the case of the related state
anxiety index test (variable 26), no significant correlations were found
with any of the flight indices. It may also be observed that the academic
and flight grades given at the time of graduation from VT10 (variables
21 and 22) and at the time of graduation from VT86-AJN (variables 42 and
43) were not correlated with any of the flight indices nor with any of
the laboratory test scores. The only signfiifcant correlations that
existed for these variables existed between the academic and flight
grades received in Squadron VTI0; and between the flight grades received
in the two squadrons.

The Table X correlation matrix also serves to identify significant
intracorrelations that exist among the individual laboratory tests. A
cursory inspection of these relationships was performed in the first
report of the series (3) which involved a significantly larger population
that included the students involved in the present study. Suffice to
say that the strongest links within the test battery for the VT86-AJN
students exist among the motion sickness history scores, the BVDT, and
the main body of the WIT.

CCMPARISON OF STUDENT PERFORMANCE: BASIC VT10 VERSUS
ADVANCED VT86-AJN

A generalized comparison of the airsickness problem encountered in
this advanced training squadron with that experienced during basic
training in Squadron VT10 can be gained from the Table I and Table II
data presented in this report and from the corresponding tables from the
first report (3) of the series. These tables describe airsickness
incidence and severity for each hop of the squadron flight syllabus and
the distribution of students having repeated airsickness during the
course of training. It is to be noted that the 134 students in Squadron
VT86-AJN were also members of the student population studiei in the VT10
report. However, these VT86-AJN students represented only one subgroup
(approximately 33 percent) within the total population of 408 students
for which flight data in the initial syllabus (pre-1978) were collected
during VT10 training. (Midway in the study the Squadron VT1O flight
syllabus was changed and expanded to 20 hops. The airsickness study of

- this new flight syllabus will be presented in a subsequent report.)
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The Table I data of the first report (3) indicated that during basic
training in Squadron VTl0, airsickness, vomiting, and inflight performance
degradation due to airsickness occurred on 16.2, 6.9, and 10.7 percent,
respectively, of the 5,394 hops flown by the students. The Table I data
of the present study show that the same responses occurred on 8.6, 3.7,
and 3.4 percent of the 1,833 hops flown by the VT86-AJN students. From
this viewpoint, the incidence of airsickness difficulties fell considerably
as the NFO students progressed from basic to advanced training. The
same trend can be observed in comparing the Table II student distribution
data presented for the two squadrons. During VT10 training, airsickness,
vomiting, and performance degradation were experienced one or more times
by 74.5, 39.2, and 58.6 percent, respectively, of the total student
population. The corresponding VT86-AJN data indicate that these same
responses were experienced by 55.2, 28.4, and 30.6 percent of the students.

These comparisons show the relative differences in tha incidence of
airsickness in the two squadrons. However, the comparisorns are based
upon group performance and do not reflect individual differences within
each squadron. Although the unweighted and weighted flight indices
presented in Table III of both reports provide a measnre of individual
student performance, the two tables cannot be directly compared since
the VT10 data include a considerable number of students other than those
who were assigned to advanced training in VT86-AJN. To circumvent this
problem, a computer program was developed to permit direct access to the
VTIO flight indices of only those students comprising the VT86-AJN study
population. A Wilcoxon matched-pairs signed-ranks test (2) was then
used to compare the basic and advanced training flight indices of the
VT86-AJN students. The results of this test are presented in Table XII
for all 20 of the flight indices. For each flight index, Table XII
presents the T and Z statistics associated with the Wilcoxon test; the
number of students for which there was a difference between the basic
and advanced index scores; and the mean, standard deviation of the
observations, standard error of the mean, and number of observations for
both basic and advanced training.

As indicated by the large number of sign'ficance symbols in Table
* XII, there were considerable differences in the basic and advanced

training flight indices of the students. For the three basic motion
sickness measures, i.e., airsickness, vomiting, and performance degradation,
the mean values of the indices received during advanced training in
VT86-AJN were consistently lower than those received during basic training
in VTIO. This applies for both the unweighted and weighted flight
indices and for both the student- and instructor-derived ratings. For
the remaining student-based indices, i.e., nervousness and medication
usage, there were no significant differences between squadrons. The
instructor-based nervousness indices did reflect a difference, however,
with the mean value received during advanced training being greater than
that received during basic training. The same observation applies to
the unweighted instructor-based turbulence index.

These Wilcoxon test results establish that there was a difference
between the magnitude of the airsickness difficulties experienced by the

-same student population during basic and advanced training. The decrease
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in the incidence and degree of airsickness as the students progressed
from basic to advanced training would be explained in part by the capability
of individuals to adapt to motion stress over a period of time. However,
consideration must be given also to the comparative evaluation of the
magnitude of the actual motion stress associated with each squadron's
flight syllabus. It is expected that the additional data to be collected
in the course of the longitudinal study will give some insight into the
relative contributions of adaptation and flight syllabus motion stressto airsickness incidence.

A further point of operational significance involves the prediction
of student airsickness experiences as he progresses through the entire
NFO training program. That is, will a specific student who has a problem
with airsickness during basic training continue to face the same problem
during advanced training? Or, conversely, will those students who were
never airsick during basic training enjoy this immunity during advanced
trainin-7 As a preliminary evaluation of these questions on a total popu-
lation oasis, a Spearman rank correlation analysis corrected for tied
observations was applied across the basic and advanced training flight
indices received by the 129 VT86-AJN students. The resulting rank
correlation coefficienLs are presented in matrix form at the top in
Table XIII, with the number of data-pairs involved in each calculation
listed correspondingly at the bottom.

An examination of the principal diagonal of Table XIII shows that
statisLically significant correlations between basic and advanced training
were present foi all ten of the student-based flight indices. The
correlation coefficients, ranging from .40 to .64, indicate a substantial
relationship between sickness measures in the two different squadrons.
For the three principal motion sickness measures, the correlation coef-
ficients associated with the weighted measure (variables 6-8) were slightly
greater than those associated with the unweighted measures (variables 1-
3). In the case of the 10 instructor-based flight indices, the principal
diagonal data show that significant correlations were present only for
the three principal motion sickness measures (variables 11-13 and 16-
18). These correlation coefficients, ranging from .39 to .50, also show
a substantial relationship between basic and advanced training performance.
For the instructor-based nervousness indices, there were no significant
correlations across squadrons. No correlations were found for the
turbulence indices, which is as would be expected from the nature of
this parameter. For the grade data the only significant correlation
found involved the flight grades received in basic training and the
flight grades received in advanced training.

The Table XIII matrix, by definition, also describes the interrelation-
ship that exists between a given advanced training flight index and each
of the flight indices received during basic training. Again, most of
these interindex correlations involve the three primary airsickness
measures. In general, the correlations that exist along the principal
diagonal are greater than those that exist to either side in the matrix.
No further interpretation of these data will be attempted until completion
of the entire data collection phase of the longitudinal study.
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APPENDIX A

Brief Description of Individual Hops Comprising the Advanced
Training Squadron VT86-AJN Flight Syllabus

(Pre-1978 Flight Syllabus)

I:i

't

4-



--

VT86-AJN (Pre-1978 Syllabus)

LL-1, -2, -3, -4 Low Level Navigation:
Primarily straight and level flight - no acrobatics
(LL-4 check flight)

RN-I, -2, -3, -4 Radar Navigation:
Primarily straight and level flight - no acrobatics
RN-4 check flight)

RA-l, -2, -3 Radar Analysis:
Both low and high level ter,-ain identification
Primarily straight and level - no acroba'ics
(RA-3 check flight)

AN-l Airways Navigation:
Primarily straight and level flight - no acrobatics

D-1, -2 TA-4J Familiarization:
D-2 has wingover, aileron rolls, barrel rolls

All hops flown in T-39D with the exception of D-1 and -2 which were in
the TA-4J.

A

A-1,
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APPENDLX B

Brief Description of Laboratory Tests Comprising the 1977-1978
Prototype Motion Sickness Sensitivity Test Battery
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Variable Symbol
No. Code Test Description

23 TMSQ1 Two-part motion sickness history form describing motion
24 TMSQ2 sickness incidence and exposure level. TMSQ1 summar-
25 TMSQ3 izes the history before the age of 12 and has a minimum

value of 0.0 denoting no problems and a maximum value of
180 denoting high susceptibility. TMSQ2 pertains to
motion sickness experience following age 12 with the
same minimum and maximum values. TMSQ3 is the numerical
sum of the TMSQ1 and TMSQ2 scores. For details, see

Reason, J. T., An investigation of some factors contrib-
uting to individual variation in motion sickness suscep-
tibility. FPRC Committee Report 1277. London: Ministry
of Defence, 1968. i

26 TSANX This State-Trait Anxiety Inventory is comprised of two
27 TTANX self-report scales. The State Anxiety scale (TSANX)

reqires the individual to report how he feels at that

particular moment in time, while the Trait Anxiety Scale
(TTANX) requires the individual to report how he gener-
ally feels. Both scales have a minimum score of 20,
denoting minimum anxiety and a maximum score of 80 de-
noting maximum anxiety. For details, see Spielberger,
C. D., Gorsuch, R. L., and Lushene, R. E., STAI Manual

for the State-Trait Anxiety Inventory. Palo Alto, CA:
Consulting Psychologists Press, 1970.

28 TBVDT Brief Vestibular Disorientation Test (BVDT) involving
29 TBVDR cross-coupled angular acceleration stimuli produced by
30 TBVDS paced head motions on a rotating chair. TBVDT denotes
31 TBVDP the time of day the test was given based upon a 24-hour

decimal clock. TBVDR is the test score given by the
rating panel and has a minimum value of 6 denoting no
motion symptoms and a maximum value of 60 denoting a
maximal motion sickness reaction. Immediately follow-
ing the BVDT, each subject rated his own reactions to
the test coded as TBVDS with a minimum score of 7 indi-
cating no reaction and a maximum score of 49 denoting
high reaction. A report of aftereffects was obtained
from the subject 24 hours later and coded as TBVDP with
a minimum score of 0 denoting no aftereffects and a maxi-
mum score of 180 denoting a high level of aftereffects.
For details, see Lentz, J. M., Holtzman, G. L., Hixson,
W. C., and. Guedry, F. E., Normative data for two short
tests of motion reactivity. NAMRL-1243. Pensacola, FL:
Naval Aerospace Medical Research Laboratory, 1977.

3-1
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Variable Symbol
No. Code Test Description

32 TVVSP1 These scores pertain to the task performance element of
33 TVVSP2 the Visual-Vestibular Interaction Test (WIT). The tasks
34 TVVSP3 involve the visual scan, acquisition and identification

of a complex numerical display. Under static conditions,
TVVSP1 denotes the number of correct responses, TVVSP2
the number of incorrect responses, and TVVSP3 the number
of omitted responses.

35 TVVDP1 The dynamic performance test scores TVVDP1, TVVDP2, and
36 TVVDP2 TVVDP3 describe the same response scores recorded while
37 TVVDP3 the subject uadergoes passive sinusoidai. rotation. For

both the static and dynamic performance tests, the mini-
mum scores within a given response category are 0 and
129, respectively, with the further condition that sum
of the correct, incorrect, and omitted scores must total
129. For details, see Lentz, J. M., Holtzman, G. L.,
Hixson, W. C., and Guedry, F. E., Normative data for two

short tests of motion reactivity. NAMRL-1243. Pensacola,
FL: Naval Aerospace Medical Research Laboratory, 1977.

38 TVVIR These scores pertain to the motion sickness symptom rat-
39 TVVIS ing element of the Visual-Vestibular Interaction Test
40 TVVIP (VVIT). TWIR is the test score given by the rating
41 TWIT panel and has a minimum value of 6 denoting no motion

sickness symptoms and a maximum value of 60 denoting a
maximal motion sickness reaction. Immediately Zollowing
the WIT, each subject rated his own reaction to the test,
which was coded as TVVIS, with a minimum score of 7 de-
noting no reaction and a maximum score of 70 denoting
high reaction. A report of aftereffects was obtained
from the subject approximately 24 hours later and coded
as TVVIP with a minimum score of 0 denoting no after-
effects. TWIT denotes the time of day the test was ad-
ministered based upon a 24-hour decimal clock. For
details, see Lentz, J. M., Holtzman, G. L., Hixson, W. C.,
and Guedry, F. E., Normative data for two short tests of
motion reactivity. NAMRL-1243. Pensacola, FL: Naval
Aerospace Medical Research Laboratory, 1977.
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APPENDIX C

Normalized Cumulative Frequency Distribution of Flight Indices
and Laboratory Test Scores for the Squadron VT86-AJN Population

(Pre-1978 Flight Syllabus)
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Figure Cl

Normalized cumulative frequency distributions of unweIghted (A) and weighted (8) airsickness
indices calculated from the student questionnaire data and the equivalent unwei~ghted (C) and
weighted (D) indices calculated from the instructor data. Each plot contains the distributiont
of the observed data (irregular curve) and an equivalent Gaussian distribution (smooth curve)
with the same mean and standard deviation as the observed data. The weighted student data (B)
indicate that approximately 45 percent of the students never reported experiencing airsickness
during flight training in this squadron. The same data show that a weighted airsickness index
of approximately 10.0 defined the upper decile (most sensitive students) of the distribution.
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Figure C2

Normalized cumulative frequency distributions of unweighted and weighted vomit indices follow-
ing the Figure Cl format. The weighted student data (B) indicate that approximately 72 percent

of the students never vomited during flight training. A weighted index of approximately 7.1

defined the upper docile for this distribution.
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Figure C3

Normalized cumulative frequency distributions of unweighted and weighted performance degrada-
tion indices following the Figure Cl format. The weighted student data (B) indicate that
approximately 69 percent of the students reported never experiencing performance degradation
due to airsickness during flight training. A weighted index of approximately 5.0 defined the
upper decile for this distribution.
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Figure C4

Normalized cumulative frequency distributions of unweighted and weighted nervousness indices
following the Figure Cl format. The weighted student data (B) indicate that only 19 percent
of the students reported never experiencing nervousness prior to or during a flight. A
weighted index of approximately 32.0 defined the upper decile for this distribution.
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Figure C5

Normalized cumulative frequency distributions of the student-derived medication usage index
(A) and the instructor-derived unweighted (B) and weighted (C) turbulence indices. The medi-
cation data again emphasize the relatively small number of students reporting the use of air-
sickness drugs during training. The turbulence data, as compared to the other indices, more
closely approach a normal distribution.
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TSAWXQ-STATE/MIX IETY aQUEST IONNAIRE
NOMLIZED cULATIVE FR1EN DISTRIBUTION
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Figure C6

Normalized cumulative frequency distributions (irregular curve) of the three motion sickn'sa
history scores derived from the study population. Each plot also shows the equivalent dis ri-
bution of a theoretical Gaussian population (smooth curve) with the same mean and standard
deviation as the related laboratory test scores.
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Figure C7

Normalized cumulative frequency distributions of state/anxiety (A) and trait/anxiety (B) test
scores based upon the observed data (irregular curves) and a theoretical Gaussian population
(smooth curves) having the same mean and standard deviation as the observed test scores.

C-7



TVVSPI-VVi TEST ( STATIC PERFORMANCE 1)
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Figute C8

Normalized cumulative frequency distributions of the Brief Vestibular Disorientation Test
(BVDT) scores (irregular curves) and equivalent theoretical distributions (smooth curves) of
Gaussian populations with the same means and standard deviations.
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Figure C9

Normalized cumulative frequency distributions of three static pecformance test scores (irregu-
lar curves) associated with the Visual-Vestibular Interaction Test (WIT) and the related
theoretical distributions (smooth curves) of Gaussian populations with the same means and
standard deviations as those of the test scores.
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Figure CIO

Normalized cumulative frequency distributions of the three dynamic performance test scores
(irregular curves) associated with the Visual-Vestibular Interaction Test (WIT) and the
related theoretical distributions (smooth curves) of Gaussian populations with the same means
and standard deviations as those of the test scores.
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Figure ClI

Normalized cumulative frequency distributions of the Visual-Vestibular Interaction Test
(WIT) scores (irregular curves) and the relatod theoretical distributions (smooth
curves) of Gaus8ian populations with the same means and standard deviations as those of
the test scores.
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